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FURNACE #4 SLURRY POT TANK SYSTEM 
FIRST AND SECOND PASS SLURRY POTS 
DESIGN ASSESSMENT AND CERTIFICATION 

V-4213 & V-4214 

1. TANK SYSTEM DESCRIPTION 

V-4213 and V-4214 are the Furnace #4 First and Second Pass Slurry Pots, respectively. 
These slurry pots are existing, non-pressurized, carbon steel tanks which, collect furnace off 
gas solids and mix it with water and lime slurry producing a precipitator slurry mixture. The 
function of the tanks is to render any carry over phosphorus, which may be present in the 
offgas solid, as non-reactive. In addition, any trace metals that may also be present and are 
capable of going into solution are also dropped out of the mixture. Each tank is sized to 
contain 800 gallons (nominal) of fluid. Each pot is equipped with its own agitator, MX-4215 
or MX-4216, and a recirculation pump, P-4350 or P-4351. 

The slurry mixture is pumped from the slurry pots via dedicated pump P-4217 or P-4218 to 
either the V-3600 (off-spec slurry) or V-3700 (on-spec slurry) tanks after reaching either a 
predetermined density, pH level or residence time. If the precipitator slurry mixture is not 
capable of being pumped, it can be gravity dropped into the V-4400 sump. V-4400 sump also 
acts as the secondary containment for both V-4213 and V-4214. 

The primary leak detection system for each slurry pot is visual detection conducted on a 
regularly scheduled basis. In addition, the tank is inspected, tested and maintained for 
integrity on a 6 to 8 month basis as determined by the service history. When a tank reaches its 
integrity limitations it is replaced or repaired as required. V-4213 and V-4214 tanks are 
estimated to have been placed into service during 1984. 

2. TANK SYSTEM DESIGN ASSESSMENT 

2.1 WASTE STREAM CHARACTERISTICS 

A description of the characteristics for each liquid waste stream is as follows: 

• SDW - Slurry Decant Water 

SDW is decant water from Pond 17 which, is heated to a nominal temperature of 140° F 
in tank Slurry Pot Fill Water Tank, V-9360. The water contains P4 at the solubility limit 
of P4 in water (~3 ppm), and has a pH ranging from 6-8. SDW is the primary water 
supply to the slurry pot used in the mixing process with the offgas solids. 

• HCW - Phossy Water, Hot Clarified, Recycle Tank T-5137 Overflow 

HCW is hot clarified process water. The water contains P4 at the solubility limit of P4 in 
water (~3 ppm), and has a pH ranging from 6-8. The temperature of the phossy water 
ranges from approximately 120° F to 160° F. Suspended solids are not normally present 
in this waste stream. It is used as back-up water to supply the slurry pot versus the decant 
water normally used in the mixing process with the offgas solids. 
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• PWC - Phossy Water - Cold, Pond 18B 

PWC is clarified pond water recycled to the plant from pond 18B. The phosphorus-
bearing wastewater streams enter pond 18A where the solids are allowed to settle. The 
clarified water then overflows to pond 18B. PWC contains P4 in concentrations at its 
solubility limit in water (~ 3 ppm) and has a pH ranging from 6.5-8. The temperature of 
the PWC ranges from ~ 32° F in the winter to 80° F in the summer. This water is used as 
gland seal for the slurry pot recycle pumps (P-4350/P-4351) and the mixer/agitators (MX-
4215/MX4216). In addition, it is used as flush water for the recirculation line during 
maintenance operations. 

• Resulting Mixed Precipitator Slurry 

The Precipitator Slurry is a mixture of furnace offgas solids and water (heated slurry 
decant water or hot clarified phossy water) produced in the Precipitator Slurry Pots. The 
slurry is normally alkaline with a pH ranging from 8-12. A pH of 11.7 is the desire 
setpoint. Abnormal furnace upsets result in major air leakage into the furnace offgas 
system, causing acid formation that can lower the pH of precipitator slurry to a pH of 4. 
Typically the precipitator slurry contains low concentrations of elemental phosphorus (0-
2500 ppm), but can reach concentrations as high as 4 percent by weight if the slurry 
system is operated with hot clarified phossy water and problems with the clarifier occur. 
The Precipitator Slurry temperature ranges from 120- 160°F and has a solid concentration 
normally between 11 - 20 percent by weight. 

2.2 MATERIALS OF CONSTRUCTION 

2,2,1 Piping Materials 
All piping to and from the slurry pots meet the following FMC Engineering Piping Standards: 
These standards were developed to comply with the requirements of ASME/ANSI Code 
B31.3 "Chemical Plant and Petroleum Refinery Piping". Specific information for each 
standard identified is in Appendix 4. 

• SDW is transported in pipe meeting FMC piping standard ES-2-3-0. The pipe material is 
A53-Type E or S carbon steel. 

• HCW is transported in pipe meeting FMC piping standard ES-2-3-0. The pipe material is 
A53-Type E or S carbon steel. 

• PWC is transported in pipe meeting the FMC piping standard ES-2-1-0. The pipe material 
is A53-Type E or S carbon steel. 

• Precipitator slurry is transported in pipe meeting the FMC piping standard ES-2-31-0. 
The pipe material is A53 Type S, Grade B carbon steel. 
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2.2.2 Tank Materials 
The tank is constructed out of carbon steel. This material was selected on the compatibility 
requirement characteristics of the worst case stream contained by the tank. This material 
provides acceptable strength, durability and adequate corrosion resistance to the tank. 

The specifics for each tank fabrication are as follows: 

• The tank shell is a 6-foot out-side to out-side diameter constructed from 3/8-inch thick 
carbon steel plate. The tank top and bottom are ASME flanged and dished heads 
fabricated to meet the shell diameter requirements. These units are also constructed from 
carbon steel. The amount of corrosion allowance included in the material thickness is not 
documented for these slurry pots. 

• The tank nozzle connections are constructed of Sch. 80S carbon steel pipe A53 GR B or 
A106 GR B with a 150-lb. RFSO carbon steel flange. 

• The tank mixer/agitator connection is manufactured from rolled 3/8-inch carbon steel plate 
with a 150-lb. RFSO carbon steel flange. 

2.3 TANK DESIGN 

The original engineer's/supplier's design information and calculations used for the 
construction of the slurry pot tank were not available. In an effort to demonstrate the tank 
integrity is sufficient for its intended service, a separate calculation was made to determine the 
acceptable shell thickness limitations for the tank design. Two calculations were conducted in 
accordance industry standards, including the guidelines outlined in the ASME Boiler and 
Pressure Vessel Code, Section VIII, Div 1, using FMC's design conditions for each slurry pot 
tank. One calculation determines the minimum acceptable shell and head thickness, the 
required reinforcement at the agitator mounting point, and the reinforcement requirements at 
the inlet and outlet connections that support the slurry pots. The second analysis was done to 
determine if the slurry pots could resist the stress from the support of the circulation pump. 
From these analyses the minimum acceptable shell thickness was determined for each of the 
slurry pots. These minimum values are shown in Table 1. These acceptable minimum shell 
thickness values are then cross-referenced with FMC's data from a regularly scheduled field 
analysis that measures the shell thickness of each individual pot along strategic locations of the 
shell. From this information, it is determined if the tank has an acceptable shell thickness to 
provide a level of integrity for the intended application. If the shell thickness falls below the 
calculated minimum thickness allowance, then repairs or replacement are required to the slurry 
pot. 
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TABLE 1 - Minimum Acceptable Shell Thickness 

Slurry Pot -4213 

Location 
Shell 
Top 
Bottom 
Pump Support* 

Minimum Shell Thickness 
0.097 inches 
0.122 inches 
0.115 inches 
0.245 inches 

Slurry Pot -4214 

Location 
Shell 
Top 
Bottom 
Pump Support* 

Minimum Shell Thickness 
0.097 inches 
0.122 inches 
0.115 inches 
0.220 inches 

*NOTE: It is determined that the pump support minimum shell thickness has an area of influence 
limited to a 10-inch envelope from the gusset. All nozzle connections are outside the limits 
of this area. As a result, this higher minimum thickness limitation for the pump support does 
not apply to the remaining tank connections. 

The results of these calculations have been compared to the field data measurements for the 
slurry pots (See Appendix 2 & 3). This comparison determined, that as of this measurement, 
the slurry pot tanks exhibit sufficient structural strength to ensure they will not collapse. For 
safety considerations, it is recommended that periodic in field material thickness evaluations 
be continued and that the collected data be cross referenced to the minimum acceptable shell 
thickness values to determine if the tank is still acceptable for operation. Should the field 
measurement prove otherwise, immediate and appropriate action should be taken to correct 
any inadequacies. 

2.4 DESIGN INTEGRITY ANALYSIS 

Periodic ultrasonic inspections are conducted to obtain shell thickness data which is used to 
predict the remaining life of the slurry pot tank. The inspections track the current shell 
thickness to the survey taken for the initial shell thickness. Any change due to 
corrosion/erosion wear is documented. From these results, the next ultrasonic inspection is 
scheduled, as well as, a prediction of the tank's "retirement date". FMC uses this information 
to track the changes in the slurry pot in order to schedule recommended maintenance, repairs 
or replacement. The results of the latest field investigations for these slurry pots are in 
Appendix 3. As previously mentioned, the examination determined that slurry pots, V-4213 
and V-4214, currently have sufficient thickness which is adequate for continued operation to 
the next scheduled inspection. 
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V-4213 has an estimated 3.2-year life, as of February 2, 1999,. Based on this examination, 
the tank predicted retirement date is April 29, 2002. The next recommended inspection date 
is September 10, 2000. 

V-4214 has an estimated 2.8-year life, as of February 2, 1999,. Based on this examination, 
the tank predicted retirement date is November 30, 2000. The next recommended inspection 
date is June 29, 2000. 

2.5 LEAK TEST 

An in-service leak test was conducted on the slurry pot tanks using a procedure similar to the 
recommended practice as identified in the American Petroleum Institute (API) Guide for 
Inspection of Refinery Equipment, Chapter VIII - Atmospheric and Low-Pressure Tanks 
(Appendix 3). The results of this test conducted on August 20, 1999 determined that slurry 
pots V-4213 and V-4214 are not leaking (Appendix 3). 

3.0 SECONDARY CONTAINMENT 

The V-4400 Wastewater Collection Sump acts as the secondary containment for both V-4213 
and V-4214 slurry pots. V-4400 is an existing concrete sump that is lined with two layers of 
T316L SS diamond plate. A separate design assessment has been prepared for this sump 
which provides additional information on the design, construction and function of the V-4400 
system. 

4.0 TANK AUXILIARY EQUIPMENT 

4.1 Tank Discharge Pump 

Each tank is equipped with a 15 HP, 90 GPM discharge pump, P-4217 or P-4218. This pump 
is located on a 3" pipe line which pumps precipitator slurry, at 88 ft of head, to either the V-
3600 tank or the V-3700 tank. The pump is a horizontal centrifugal slurry pump constructed 
of 28% chrome for the wetted parts. The shaft is constructed of stainless steel. See Appendix 
5 for pump information. 

4.2 Tank Recirculation Pump 

Each tank is equipped with a 5 HP, 110 GPM recirculation pump, P-4350 or P-4351. This 
pump is located on a 3" pipeline that recirculates the precipitator slurry, at 42 ft of head. The 
pump is a horizontal centrifugal slurry pump constructed of 28% chrome for the wetted parts. 
The shaft is constructed of stainless steel. See Appendix 5 for pump information. 
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4.3 Tank Mixer/Agitator 

Each tank is equipped with a 3 HP mixer MX-4215 or MX-4216. This mixer is a belt driven 
unit, which is flange connected to an 8-inch nozzle connection on the slurry pot. It enters the 
pot at a 45° offset angle. The mixer propeller and shaft are of steel construction. See 
Appendix 5 for additional information. 
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5. CERTIFICATION OF DESIGN ASSESSMENT (PARA 270.11(D)) 

Certification for Furnace # 4 Slurry Pot Tank System :V-4213 & V-4214 (as described herein) 

I certify under penalty of law that this document was prepared to address the requirements as 
outlined in the Code of Federal Regulations Title 40, Part 265, Subpart J, Section 265 .191. 
All attachments were gathered and examined under my direction or supervision in accordance 
with a system designed to assure that qualified personnel properly gather and evaluate the 
information submitted. Based on my inquiry of the person or persons who manage the 
system, or those persons directly responsible for gathering the information, the information 
submitted is, to the best of my knowledge and belief, true, accurate, and complete. I am 
aware that there are significant penalties for submitting false information, including the 
possibility of fine and imprisonment for knowing violations. 

Signature: 
Peter Critikos, P.E. 

Title: Sr. Mechanical Engineer 

P.E. Registration No.: *i A AG 

Seal: 

Raytheon Engineers & Constructors, Inc. 
5555 Greenwood Plaza Blvd., Suite 100 
Englewood, CO 80111 
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mnvTVP Phosphorus Chemicals Division 
VLKIAJvb Pocatello 

Interoffice 

To Route List Da,e September 19, 1989 

cc Supervisor 
From ^ • H • Lee Engineers 

Subioct PROPER DESIGNATION FOR PHOSPHORUS ANALYSES 

Recently, in the laboratory, ve have received some rather confusing 
requests for phosphorus analyses. To help us serve you better, I vill 
attempt to explain the various designations. 

5 7 T ' o ^ puwjpuwtuj a. L (.ciupcidlUlCi 
.belov BOO C. Therefore, a request for 2 elemental P, or Z total P, means 
the same as Z P, or Z vhite P, and the reported analytical value vould be 
percent vhite elemental phosphorus. I vould suggest using the designation 
Z 

P is the chemical symbol for phosphorus. A request for ZP vould result in 
a report of percent total phosphorus calculated as ZP. It does not mean 
percent vhite phosphorus. 

P205 is the chemical formula for the most abundant product of the chemical 
reaction betveen vhite phosphorus and oxygen. Because of convention, the 
designation ZP20^ "eans percent total phosphorus calculated as Z_P225. Ir 
does not represent the percent phosphorus present as P20^. 

P0^~^ is the ortho-phosphate ion, vhich is the most common naturally 
occurring form of phosphorus. Again, because of convention, a request for 
ZPO^ or Z total PO^.vould result in the percent total phosphorus 
calculated as ZPO^ . Hovever, Zo-PO, or Z ortho PO^ means the percent 
phosphorus that is present as the ortno-phosphate ion. 

Finally, red P means red elemental phosphorus, a very stable form of 
elemental phosphorus used in making matches. Should you request an 
analysis of Z Red P, ve vill.throv our hands up in the air and say, "Ve 
vill guess vith you!" 

nm 
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W A X - L I K E  S O L I D  
S H A R P /  P U N G E N T  
1 .82 a 20C 
0 . C 0 0 3  B  2 C C  
N O T  A V A I L A B L E  

N C T  A V A I L A 6 L E  
N O T  A P P L I C A B L E  
N C T  A F P L I C A 3 L E  

F I R E /  E X P L O S I O N  A N D  R E A C T I V I T Y  D A T A  

I G N I T E S  S P O N T A N E O U S L Y  I N  A I R  
8 6  F  ( 3 0 C )  
N C T  KNOWN 
A F P R O X .  3 P P M  B Y  V O L  
W A T E R /  W A T E R  F C G /  F O A M /  D I R T /  S A N D  
D E L U G E  W I T H  *  A  T  E  R /  T A K I N G  C A R E  N O T  T O  S C A T T E R /  
U N T I L  F I R E  I S  E X T I N G U I S H E D  A N D  P H O S P H O R U S  H A S  
S O L I D I F I E D /  T H E N  C C V S R  W I T H  W E T  S A N D  C R  D I R T .  

PCD P A G E  0 2  
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MATERIAL SAFETY DATA 7723 

P H O S P H O R U S /  E L E M E N T A L  

1 4  0  FIAUUA8ILITY 
FSEDI 

NFPA Designation 704 

DEGREE OF MAZARO 

E M E R G E N C Y  T E L E P H O N E S :  
P L A N T :  ( 2 0 3 )  2 3 6 - 3 2 C C  P C C A T E L L O /  1 0  
C H E M T R E C :  ( 3 0 0 )  4 2 4 - 9 3 C C  T R A N S P O R T A T I O N  
M E D I C A L :  ( 3 0 3 )  5 9 5 - 5 0 4 8  R C C K Y  M T N  

4 »  EXTREME 
3 a  HIGH 
2 *  MOOEBATE 
1 = SLIGHT 
0 > INSiGNFlCANT 

R E V I S I O N :  E F F E C T I V E :  1 0 / 1 7 / S 5  P R I N T E D :  0 4 / 2 9 / 8 8  

D E G R E E  O F  F I R E  A N L . . . . .  
E X P L O S I O N  H A Z A R D  

S T A 8 I L I T Y  
H A Z A R C O U S  P O L Y M E R I Z A T I O N .  
C O N D I T I O N S  T C  A V O I D  
M A J O R  C O N T A M I N A N T S  T H A T . .  
C O N T R I B U T E  T C  I N S T A B I L I T Y  
I N C O M P A T I B I L I T Y  

H A Z A R C O U S  D E C O M P O S I T I O N . . :  
P R O D U C T S  

E Y E  C O N T A C T .  . . .  

S K I N  C O N T A C T , , .  

S K I N  A B S O R P T I O N  

I N H A L A T I O N  

I N G E S T I O N  

F I R E /  E X P L O S I O N  A N D  R E A C T I V I T Y  D A T A  

D A N G E R O U S  W H E N  E X P C S E O  T O  H E A T  O R  B Y  C H E M I C A L  
R E A C T I O N  W I T H  O X I D I Z E R S .  I G N I T E S  S P O N T A N E O U S L Y  
I N  A I R .  V E R Y  R E A C T I V E .  
S T A 3 L S  
W I L L  N C T  O C C U R  
A V C I D  C O N T A C T  •  I T H  A I R /  O X I D I Z I N G  M A T E R I A L S .  
N C N  E  

A I R /  O X I D I Z I N G  M A T E R I A L S /  A L K A L I N E  H Y D R O X I D E S /  
H A L O G E N S  A N D  N I T R A T E S .  
E M I T S  H I G H L Y  T C X I C  F U M E S  C F  P C X .  P H O S P H I N E /  A  
F L A M M A B L E /  T O X I C  G A S /  C A N  B E  G E N E R A T E D  W H E N  
P H C S P H C R U S  C O N T A C T S  O X I D I Z I N G  A G E N T S  O R  W H E N  T H E  
P H O S P H O R U S  W A T E R  C C V E R  I S  A L L O W E D  T O  R E A C H  A  P H  
O V E R  6 . 5  A T  A  T E M P .  O F  8 5 C .  A  P H O S P H I N E  P O L Y M E R  
C A N  A L S O  E X I S T  I N  P H O S F H O R U S  S O  P H O S P H I N E  M A Y  
A L W A Y S  B E  P R E S E N T .  

R O U T E S  O F  E X P O S U R E  » = * =  

S E V E R E  O C U L A R  D A M A G E  M A Y  R E S U L T  
S C U R C E :  S A X  
D A T E  1 9 7 9  
C A U S E S  S E V E R E  A N D  P A I N F U L  B U R N S  
S C U R C E :  P A T T Y  D A T E :  1 9 8 1  
S C U R C E :  O A N G E R C U S  P R O P E R T I E S  C F  I N D U S T R I A L  

M A T E R I A L S  -  S A X  D A T E :  1 9 7 9  
M O D E R A T E L Y  H A Z A R D O U S  L D 5 0  ( R A T )  =  1 0 0  M G / K G  
S C U R C E :  S A X  O A T E :  1 9 7 9  
T H R E S H O L D  L I M I T  V A L U E :  A I P  0 . 1  M G / C U .  M  
S C U R C E :  A C G I H  D A T E :  1 5 8 4  
O S H A  S T A N D A R D /  A I R  T W A  0 . 1  M G / C U .  M  
S C U R C E :  M C S H  D A T E :  1 5 3 0  
H I G H L Y  T O X I C  ( L C 5 C  < 2 M G / L )  
E X T R E M E L Y  H A Z A R D O U S  
L C L O  ( H U M A N )  =  1 . 4  M G / K G  
S C U R C E :  N T I S  D O C U M E N T  A D  7 7 8 - 7 2 5  D A T E :  1 9 7 4  

.2JLD. P A G E  0 3  



MATERIAL SAFETY DATA 7723 

PHOSPHORUS* ELEMENTAL 

1 4  0  
NFPA Designation 704 

OEGflEE O* MAiARQ 

EMERGENCY TELEPHONES:  
PLANT:  (208)  23E-82CC PC CATELLQ/  ID 
CHEMTREC:  (800)  424-93CC TRANSPORTATION 
MEDICAL:  (303)  595-90*8 RCCKY M T N 

* * extpeme 
3 '  M«GH 
2 * MOOEPATE 
i  * SLIGHT 

INSIGNFICANT 

-FMC 
flAMUASlUTTr 

meoi 

REVISION:  E F F E C T I V E :  1 0 / 1 7 / 8 5  PRINTED:  04/29/88 

ACUTE EXPOSURE,  

CHRONIC EXPOSURE,  

EY ES,  

S K I N ,  

?CD 

E F F E C T S  O F  O V E R E X P O S U R E  

S O L I D  O R  L I G U I C  C A U S E S  S E V E R E  B U R N S  O F  S K I N .  
I F  I N G E S T E D  C A U S E S  N A U S E A *  V O M I T I N G *  J A U N D I C E *  
L C W  a l O O D  P R E S S U R E *  D E P R E S S I O N *  D E L I R I U M *  C O M A *  
D E A T H .  S Y M P T O M S  A F T E R  I N G E S T I O N  O R  I N H A L A T I O N  
M A Y  B E  D E L A Y E D  F O R  F R O M  A  F E W  H O U R S  T O  3  D A Y S .  
A  C H A R A C T E R I S T I C  G A R L I C  O D O R  M A Y  B E  P R E S E N T  O N  
B R E A T H  O R  V O M I T U S .  
A  F O R M  O F  G E N E R A L I Z E D  W E A K N E S S *  A C C O M P A N I E D  B Y  
A N E M I A *  L O S S  O F  A P P E T I T E *  G A S T R O I N T E S T I N A L  
C O M P L A I N T S *  C H R O N I C  C C l G H  A N D  P A L L O R  H A S  B E E N  
R E P O R T E D  T O  B E  D U E  T O  S Y S T E M I C  P H C S P H C R U S  
P O I S O N I N G .  T H E  M O S T  C O M M O N  F O R M  O F  C H R O N I C  
P O I S O N I N G  A L S O  C A U S E S  C H A N G E S  I N  T H E  L O N G  B O N E S .  
S E R I O U S L Y  A F F E C T E D  B O N E S  M A Y  E E C O M E  B R I T T L E *  
L E A D I N G  T O  S P O N T A N E O U S  F R A C T U R E S .  I N D U S T R I A L L Y *  
N E C R O S I S  O F  T H E  B O N E  I S  S E E N  O N L Y  I N  T H E  
J A W B O N E S ,  I N  S U C H  C A S E S *  T H E  F I R S T  S Y M P T O M S  A R E  
U S U A L L Y  T O O T H A C H E  A N D  E X C E S S I V E  S A L I V A T I O N *  
F O L L O W E D  E Y  T H E  L O O S E N I N G  O F  O N E  O R  M O R E  T E E T H  
A N D  S E V E R E  P A I N  A N D  S W E L L I N G  C F  T H E  J A W .  A  
S U P P U R A T I V E  U L C E R A T I O N  D E V E L O P S  I N  T H E  G U M S  
A R O U N D  T H E  T O O T H  C P  T C C T H  S O C K E T  W H I C H  M A Y  
I N V A D E  T H E  B O N E  I T S E L F .  T H E R E  I S  A  G R A D U A L  
P R O G R E S S I O N  O F  T H E  P R O C E S S  U N T I L  M O S T  C F  
T H E  A F F E C T E D  E C N E  I S  I N V O L V E D .  I N  E X T R E M E  
C A S E S  S E V E R E  F A C I A L  D E F O R M I T Y  M A Y  R E S U L T .  

E M E R G E N C Y  A N D  F I R S T  A I D  P R O C E D U R E S  

W A S H  E Y E S  C O P I O U S L Y  W I T H  W A T E R  A T  L E A S T  1 5  
M I N U T E S .  E Y E L I D S  S H O U L D  E E  H E L D  A P A R T  D U R I N G  
I R R I G A T I O N .  K E E P  E Y E S  W E T  W I T H  W A T E R  U N T I L  
A N  E Y E  S P E C I A L I S T  I S  I N  A T T E N D A N C E .  
I M M E D I A T E L Y  F L U S H  W I T H  C O F I O U S  W A T E R .  I F  
P H C S P H C R U S  R E M A I N S  I M E E D D E D  I N  T H E  S K I N *  T H E  
C C N T A M I N A T E O  A R E A S  S H O U L D  B E  S U B M E R G E D  I N  
• A T E R .  V I S I B L E  P I E C E S  O F  P H O S P H O R U S  S H O U L D  B E  
P t M O V E D .  

P A G E  0 4  



H6ACTIVITY 
• (YELLOW V1TV IV'T 

VITY 0v 
0w|  

MEDICAL:  ( 3 0 3 )  5 9 5 - 5 0 4 6  R C C K Y  M  T N  SPECIAL 
MA2ARO 

REVISION:  E F F E C T I V E :  1 0 / 1 7 / 2 5  P R I M E D :  0 4 / 2 9 / 8 2  

INHALATION 

INGESTION.  

JNTAMINATICN PROCEDURE 

NOTES TO PHYSICIAN 

VENTILATION REQUIREMENTS,  

R E C O M M E N D E D  P E R S O N A L . .  
C T E C T I V E  E Q U I P M E N T  

R E S P I R A T O R Y . . . .  

p C D 

E M E R G E N C Y  A N D  F I R S T  A I D  P R O C E D U R E S  

R E M O V E  V I C T I M  I M M E D I A T E L Y  T C  F R E S H  A I R .  I F  
B R E A T H I N G  H A S  S T O P P E D /  P E R F O R M  A R T I F I C I A L  
R E S P I R A T I O N .  C A L L  A  P H Y S I C I A N .  
C  4  L  L  A  P H Y S I C I A N  I M M E D I A T E L Y .  A V C I D  C O N T A C T  
F R O M  V C M I T L S  O F  O T H E R  5 0  D Y  F L U I D S /  S I N C E  T H E Y  
M A Y  C O N T A I N  P H C S P H C R U S  T H A T  C A N  C A U S E  E U R N S  O F  
E Y E S  A N D  S K I N .  I F  T H E  V I C T I M  I S  C O N S C I O U S  
I N D U C E  V O M I T I N G  B Y  G I V I N G  L A R G E  Q U A N T I T I E S  O F  
H A T E R  T O  D R I N K  A N D  H A V I N G  T H E  P E R S O N  T O U C H  
B A C K  O F  T H R O A T  W I T H  H I S  F I N G E R .  C O  N O T  A T T E M P T  
T C  M A K E  A N  U N C O N S C I O U S  P E R S O N  V O M I T .  
K E E P  * E T T E D  O R  I M M E R S E D  I N  W A T E R  U N T I L  A L L  
V I S I B L E  P H C S P H C R U S  P I C K E D  O F F  A N D  F L U S H E D  A W A Y .  
I M M E D I A T E  G A S T R I C  L A V A G E  W I T H  4  L I T E R S  O F  
P O T A S S I U M  P E R M A N G A N A T E  C I  :  5  O O C  O R  2  P E R C E N T  
H Y D R O G E N  P E R O X I D E  F O L L O W E D  8 Y  A C T I V A T E D  
C H A R C O A L )  S H O U L D  B E  P E R F O R M E D .  M I N E R A L  
O I L  O R  P E T R O L A T U M  B Y  " C U T H  C R  G A V A G E  H A S  
B E E N  L  S  E D  T O  P R E V E N T  A E S O R P T I C N  A N D  H A S T E N  
E L I M I N A T I O N ;  A  D O S E  O F  2 Q C - 2 5 C  M L  I N I T I A L L Y  
A N D  F O L L O W E D  B Y  3 C  M L  E V E R Y  3  H O U R S  F O R  
4 E  H O U R S  I S  G I V E N .  M A G N E S I U M  O R  S O D I U M  
S U L F A T E  C A T H A R T I C S  M A Y  B E  I N D I C A T E D /  I F  N C  
G I  B L E E D I N G  O R  D I A R R H E A  I S  P R E S E N T .  
T R E A T M E N T  I S  S Y M P T O M A T I C  A N D  S U P P C R T I V E /  
* I T H  A T T E N T I O N  T O  S H O C K /  A C I D C S I S /  B L C C D  
L C S S /  C A R D I A C  A R R H Y T H M I A S /  S E I Z U R E S /  I N I T I A L L Y  
A N D  r i e P A T I C  A N D  R E N A L  F A I L U R E  L A T E R .  

S P E C I A L  P R O T E C T I O N  

N O T H I N G  S P E C I A L  A S S U M I N G  F R O P E R  C O N T A I N M E N T  
O F  P H C S P H C R U S  A T  A L L  T I M E S .  L S E  S E L F  C O N T A I N E D  
3 E A T H I N G  A P P A R A T U S /  I F  V A P C R  I S  E X P E C T E D .  
S E E  B E L O W ,  

• E A R  N I O S H / M S H A  A P P R O V E D  S E L F - C O N T A I N E D  
B R E A T H I N G  A P P A R A T U S /  N E A R  B U R N I N G  P H O S P H O R U S .  

P A G E  0 5  
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Chemical Safety Data Sheet 
PHOSPHORUS 

PREFACE 

Phosphorus,  e lemental ,  is  a  sol id  mater ia l  a t  ambient  temperatures  
that  igni tes  spontaneously in  a i r  and burns vigorously.  I t  i s  c lass i f ied 
as  a  f lammable sol id  by Department  of  Transportat ion regulat ions.  

Due to  i ts  low melt ing point ,  44.1°C ( in°F) ,  bulk quant i t ies  are  
usual ly  shipped in a  molten form,  covered with water ,  iner t  gas ,  or  a  
combinat ion of  both.  

Phosphorus wil l  cause severe burns on contact  with the body or  
eyes .  When burning in a i r ,  i t  emits  large volumes of  acr id  white  fumes 
which are  very i r r i ta t ing when breathed.  

The ful l  text  of  this  chemical  safety data  sheet  should be consul ted 
for  detai ls  of  the  hazards  of  phosphorus and recommendat ions for  

their  control .  

FIRST AID-SEE PAGE 11 

For ass is tance in  the event  of  any emergency involving this  chemical  in  
t ransportat ion,  cal l  MCA's  Chemical  Transportat ion Emergency Center .  

CHEMTREC 
(800) 424-9300 * (Us* 483-7616 in District of ColumbiaJ 

Toll-free, day or night 

• Uh ««•«• number if r«ewir»A 

In  CANADA, cal l  Canadian Chemical  Producers  Associat ion 's  TEAP 
(Transportat ion Emergency Assis tance Plan)  
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Chemical Safety Data Sheet 

PHOSPHORUS 
1 .  N A M E  

Chemical Name: Phosphorus 

Common Name: Phosphorus, white phosphorus, yellow phosphorus 
Formula: P4 

2 .  P R O P E R T I E S  

2.1 GRADE AND STRENGTH 

Elemental white or yellow 99.9% (Amorphous (red) phosphorus is not covered 
in this data sheet) 

2.2 DIPORTANT PHYSICAL AND CHEMICAL PROPERTIES 
Physical Waxy solid 
Ignition Temperature Spontaneously ignites in air 
Boiling Point 2 80.5; C (5 3 6.90 F) 

Color Colorless to pale yellow to deep straw (in solid form 
under water it is chalky white) 

Corrosivity — None in absence of air (See 5.2 Reactivity Hazards) 
Deliquesence—Hygroscopicity..._ None 

Heat of Combustion 5.9 kilocalories per gram 
Heat of Fusion ; — 5.0 calories per gram 
Heat of Vaporization 101 calories per gram 
Light Sensitivity Turns red in sunlight 

•Melting Point. 44.1°C (111°F) 

Odor. Mildly characteristic (phossy). Fumes from burning 
phosphorus are pungent, sharp. 

Reactivity Dangerously so in air or with oxidizing agents (See 
5.2 Reactivity Hazards) 

Specific Gravity 
at20°C (68 SF) Water 1.8231 
at25°C (77°F) Water _ 1.8198 
at 50*C (122°F) Water.... 1.737 

Solubility in HjO 0.003% at 20°C (68°F) 
Specific Heat 0.19 at 7"C (44.6°F) to 30°C (86aF) 

"Thermal Expansion 3.5% at melting point 
Vapor Density (Air = 1) 4.42 

Viscosity 1.694 ccntipoisc (pure), 0.967 (saturated with water) 
at 50°C (122°F) 

Threshold Limit Value — 0.1 mg/nv1 1974—ACGIH, American Conference of 
Governmental Industrial Hygicnists 

• Liquid phosphorus must be super cooled to 39.1'C U02*F) to solidify completely without leaving a liquid core. 
** Camion—Phosphorus covered with a thin layer of water can shrink away from the sides of the tank car upon solidification, 
thus draining the water cover from the surface of the phosphorus, leaving it exposed. 



Manual Sheet SD-16 Manufacturing Chemists Ajjociation PHOSPHORUS, ELEMENTAL 

3 .  T R A I N I N G  A N D  J O B  S A F E T Y  

3.1 EMPLOYE EDUCATION AND 
TRAINING 

3.1.1 Safe handling of phosphorus depends 
largely upon the effectiveness of employe education, 
proper operating procedures, the use of safe equip­
ment and diligent supervision. 

3.1.2 This data sheet contains pertinent material 
that should be included in the employe training ac­
tivity. Additionally the MCA publications of Case 
Histories of Accidents in the Chemical Industry pro­
vide details of accidents and injuries involving phos­
phorus that may be useful. 

3.1.3 Employes should be instructed in the haz­
ards of this chemical. Speed in stopping the com­
bustion of phusphuius is of primary importance. 
First-aid treatment should be started at once in all 
cases of contact with phosphorus, in any form, or 
serious injury may result. Skin exposure requires the 
immediate immersion of the affected area in water 
followed by medical attention. Contaminated cloth­

ing should be removed immediately, preferably while 
showering. Eye exposure requires immediate decon­
tamination with plain water at an eye bath for at least 
15 minutes, followed by medical attention. 

3.1.4 Employes should shower daily on finishing 
work. Food should not be stored or eaten near the 
place where phosphorus is handled. Any abnormal 
condition of the jaw or mouth should be reported 
immediately. 

3.2 SAFETY REVIEW 

For continued safe operation it is important for 
supervision to execute a thorough process review at 
regular intervals. For maximum effectiveness, this 
review should cover all aspects of the operation and 
should include the participation of selected repre­
sentatives of operations, maintenance, technical and 
any other related activities. The MCA publication, 
"Guidelines for Risk Evaluation and Loss Prevention 
in Chemical Plants (1970)" may be helpful. 

4 .  H E A L T H  H  A  Z  A  R  D  S  -  M  E  D  I  C  A  L  M A N A G E M E N T ,  
F I R S T  A I D ,  A N D  P R O T E C T I V E  E Q U I P M E N T  

4.1 HEALTH HAZARDS 

Phosphorus ignites spontaneously when exposed 
to air and contact with the skin or clothing may 
cause severe burns. If combustion takes place in a 
confined space, oxygen may be consumed below a 
safe breathing level. Moderate concentrations of the 
vapors from burning phosphorus are irritating to the 
eyes. nose, throat and lungs. 

If phosphorus is taken by mouth, it is absorbed 
from the gastrointestinal tract. It can also be ab­
sorbed from the lungs. In the modem utilization of 
phosphorus in industry, the principal mode of ex­
posure is by inhalation. It is possible that the ab­
sorption of the lower oxides might produce edema of 
the lungs. 

After the absorption of a sufficient amount of 
phosphorus, acute toxic effects are produced in the 
liver and arc accompanied by vomiting and marked 
weakness. The long continued absorption of phos­
phorus may result in necrosis of the mandible or 
maxilla (jawbone) and is known as "phossy jaw." 

Phosphinc (PH:;) is a highly flammable toxic foul-
smelling gas. It may be present in phosphorus as a 
polymer or generated at low rates at a temperature of 

(185 ̂  F) and with the water at a pH of 6.5. As 
the pH of the water increases, the rate of phosphinc 
generation increases. Phosphinc. which has a charac­
teristic odor of rotten onions or decaying fish, has a 

Threshold Limit Value (TLV) of 0.3 ppm. Phos­
phinc can ignite spontaneously in air. 

4.1.1 Warning Properties 

Elemental phosphorus has no strong warning 
properties (See 2. Properties—Odor). 

4.1.2 Acute Toxicity 

4.1.2.1 Local Effects 

Phosphorus, when in contact with air spon­
taneously ignites and burns freely and will cause 
severe local tissue burns if it contacts the skin. Com­
bustion of phosphorus on the skin results in the 
formation of mcta- and ortho-phosphoric acid and 
small amounts of red phosphorus. These compounds 
arc of no importance clinically, as the heat coagula­
tion of the tissues is the important effect of phos­
phorus bums. A firm scab is produced and is sur­
rounded by blisters. 

Phosphorus is especially hazardous to the 
eyes and produces severe damage. 

4.1.2.2 Systemic Effects 

4.1.2.2.1 Phosphorus 

The absorption of phosphorus when taken 
by mouth may be delayed as much as 2 hours. In a 
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few hours after ingestion there is an initial stage of 
local gastrointestinal irritation characterized by 
nausea, vomiting and severe abdominal pain. The 
vomitus may have a garlic-like odor and may be 
phosphorescent (luminous in the dark.) 

After 24 to 36 hours, the symptoms sub­
side. After a few hours, or a few days, nausea, vomit­
ing and abdominal pain reappear with diarrhea and 
abdominal tenderness. The skin becomes jaundiced. 
The toxic state lasts 2 to 15 days, averaging 8 days. 
Tn fatal eases, most deaths occur within 4 to 5 days. 
The fatal dose is generally about 100 mg, but even 
15 mg may produce a severely toxic reaction. 

Absorption of phosphorus through the skin 
following severe burns may produce systemic toxicity. 

4.1.2.2.2 Phospine 

When low concentrations are inhaled, 
phosphine may cause headache, dizziness, tremors, 
general fatigue, burning substernal pain, nausea, 
vomiting and diarrhea. A productive cough with a 
fluorescent-green sputum, acute dyspnea and pul­
monary edema may develop. Death is usually pre­
ceded by tonic convulsions which may occur sud­
denly after the patient has apparently recovered. 

Phosphine's characteristic decayed fish odor 
is barely detectable at concentrations of 1.5 to 3 ppm. 
Serious effects arc produced following exposure to 
5 to 10 ppm for several hours. Death occurs fol­
lowing to 1 hour exposure to concentrations of 
400 to 600 ppm. 

4.1.3 Chronic Toxicity 

Chronic poisoning occurs from long continued 
absorption of phosphorus especially through the 
lungs but also through the gastrointestinal tract. 

A form of generalized weakness, accompanied 
by anemia. loss of appetite, gastrointestinal com­
plaints. chronic cough and pallor has been reported 
to be due to systemic phosphorus poisoning. The 
most common form of chronic poisoning also causes 
changes in the long bones. Seriously affected bones 
may become brittle, leading to spontaneous frac­
tures. Industrially, necrosis of the bone is seen only 
in the jawbones. In such cases, the first symptoms 
are usually toothache and excessive salivation, fol­
lowed by the loosening of one or more teeth and 
severe pain and swelling of the jaw. A suppurative 
ulceration develops in the gums around the tooth or 
tooth socket which may invade the bone itself. There 
is a gradual progression of the process until most of 
the affected bone is involved. In extreme eases severe 
facial deformity may result. 

The chronic effects produced by phosphine arc 
essentially the same as those produced by phos­
phorus. 

4.2 MEDICAI. MANAGEMENT 

4.2.1 Physical Examinations 

4.2.1.1 Emplacement Physical 
Examinations 

Prcplaccment medical examinations should 
be directed toward eliminating from exposure to 
phosphorus those workers with any evidence of his­
tory of liver disease and those workers with anv of 
the following dental defects: gincivitis. pyorrhea, 
carious teeth, exposed sockets and dental cvsts. Ab­
sence of all natural teeth is no contraindication. 

4.2.1.2 Periodic Examinations 

An annual physical examination should be 
given to each employe who is frequently exposed to 
phosphorus. He should be instructed to report any 
illness he experiences. 

4.2.1.3 Dental Examinations 

Periodic dental examinations are particularly 
indicated in those who work with phosphorus. The 
frequency of these examinations is dependent upon 
the type and degree of exposure. The examination 
interval therefore may vary from once a vcar to as 
frequent as once a month. Undesirable dental con­
ditions should be corrected and the employe should 
not be allowed to work around phosphorus until 
the condition has been properly treated. Full mouth 
dental x-rays should be made before employment. 
This should be repeated at the discretion of the 
dentist. 

4.3 FIRST AID 

4.3.1 General Principles 

Speed in stopping t ie combustion of phosphorus 
is of primary importance and. secondly, the removal 
of the material from contact with the skin. First-
aid treatment should be started at once in all cases of 
contact with phosphorus in any form or serious injury 
may result. Refer all injured persons to qualified 
personnel even when the injury appears to be slight. 

4.3.2 Contact w ith Skin 

Immediate application of water to the area will 
stop combustion of the phosphorus. This may be 
accomplished by plunging the affected parts in water 
or by the copious use of running water. Contam­
inated clothing should be removed promptly. If avail­
able. ice water will help relieve pain and help mini­
mize severity of burn. The area should be irrigated 
for at least 30 minutes. If small particles of phos­
phorus arc adherent to the skin, thev can be seen in 
a darkened area as they arc luminous. The small 
particles of phosphorus can be removed with tweezers 
while the part is immersed in water. 
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It should be borne in mind that following severe 
burns, and particularly in those involving a large 
area of the body surface, shock may appear at any 
time. Shock should be treated promptly. No oil or 
ointment of any kind should be applied to burned 
areas without the sanction of the attending physician. 

CAUTION: It should be remembered that the 
phosphorus stops burning after the application of 
water but when the area dries, due to the evaporation 
of water, the phosphorus will spontaneously ignite 
aeain. Drying mav be prevented by covering the area 
with a cloth wet with water. The phosphorus must be 
removed as soon as possible. 

A physician should be called at the earliest pos­
sible moment. 

4.3.3 Contact with Eye# 
If even •mmnre quantities of phosphorus, either 

in solid form or in solution, enter the eves they should 
be irrigated immediately and copiously with water for 
a minimum of 15 minutes. The eyelids should be 
held apart during the irrigation to ensure contact of 
water with all the tissues of the surface of the eyes 
and lids. A physician, preferably an eve specialist, 
should be called in attendance at the first possible 
moment. If a physician is not immediately available, 
the eye irrigation should be continued until the 
services of a physician arc available. 

Ophthalmologists may be interested in a method 
of treatment for chemical burns of the eve described 
by Ralph S. McLaughlin. "Chemical Burns of the 
Human Cornea." American Journal of Ophthalmol­
ogy. 29: 1355,1946. 

4.3.4 Ingestion 
If phosphorus is swallowed, either in a paste or 

as "phossy water," a physician should be called im­
mediately. The patient should be made to vomit at 
once. If necessary, stick finger down the throat to 
cause vomiting. Repeated vomiting should be en­
couraged by giving large quantities of fluids. The 
injurious results of absorption may not occur for a 
matter of hours, therefore, gastric washing should be 
carried out whenever a patient is seen. There is no 
established antidote. Do not give oily cathartics; 
avoid fatty foods, including milk. 

NEVER GIVE ANYTHING BY MOUTH OR 
ATTEMPT TO CAUSE VOMITING IN AN UN­
CONSCIOUS PATIENT. 

4.3.5 Inhalation 
Burning phosphorus in a confined area may 

cause a depletion of the oxygen from the air to a 
sufficient extent to cause asphyxiation. The patient 
should be removed at once to fresh air and effective 
artificial respiration initiated immediately if breathing 
has ceased. A physician should be called at once. 

4.4 PERSONAL PROTECTIVE EQUIPMENT 

4.4.1 Availability ami Use 
Personal protective equipment cannot be con­

sidered as a substitute for tight controls in the 
handlins of phosphorus. The potential risk of con­
tact with phosphorus dictates the need for an ade­
quate supply of approved personal protective equip­
ment be provided and prescribed use enforced. 

4.4.2 Eye Protection 
Whenever the danger of contact with phos­

phorus is present, full eye and face protection should 
be worn. This can best be provided by chemical 
safety goggles with impact resistant glass or plastic 
lenses and a full length face shield. -A full chemical 
hood which completely covers the head, face and 
neck may also be considered. 

Approved spcctaclc-tvpe safety glasses are rec­
ommended as minimum eye protection for other 
work areas. 

4.4.3 Respiratory Protection 
Entry into bins, hoppers and vessels in phos­

phorus related operations presents a potential ex­
posure to toxic vapors of phosphorus, phosphine, 
flouridc. carbon monoxide, etc. Unless thorough air 
sampling indicates the atmosphere is free of toxic 
vapor and that an adequate oxygen level is assured, 
maximum respiratory protection in the form of self-
contained breathing equipment or a supplied air 
breathing system should be wom. 

In other open work areas where minimal res­
piratory protection may be indicated, a chemical 
cartridge-type respirator may suffice. 

4.4.4 Head Protection 
Approved safety hats should be worn where 

there is an exposure to head injury. 

4.4.5 Foot Protection 
Leather or rubber safety shoes with built-in steel 

toe caps are recommended for workers in all phos­
phorus related work areas. High .top styles are 
preferred. 

4.4.6 Body, Skin and Hand Protection 
Because phosphorus ignites in air, contact with 

the skin may result in very serious burns. Where a 
potential exposure to phosphorus exists such as open­
ing a line, a protective suit with hood offers ideal 
protection. However, protective coats, trousers, boots 
and gloves offer good body protection. The head and 
face should then be protected by safety hat, chemical 
goggles and face shield. 

Protective suits exposed to phosphorus should 
be washed immediately with water to remove phos­
phorus particles. 
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5 .  F I R E  H A Z A R D S ,  F I R E  F I G H T I N G  •  

5.1 FIRE HAZARDS 

Phosphorus ignites spontaneously in air and burns 
vigorously. Fires can be controlled by covering with 
water, sand, or earth to exclude the air. Foam ex­
tinguishers may also be used. Avoid the use of high 
pressure water streams. 

5.2 FIRE FIGHTING 

Phosphorus ignites spontaneously upon exposure 
to air and emits clouds of white acrid fumes. Self-
contained breathing equipment is recommended for 
fire fighting activities. 

Large spills of phosphorus should be restricted by 
damming with mirth or A shallow layer of 
water on the surface of burning phosphorus will 
effectively extineuish the fire. Water application 
should be made as softly as possible. High pressure 
streams scatter molten phosphorus with each of the 

small particles burning violently. Water application 
regardless of pressure, should use fog or spray noz­
zles to provide gentle application. Dry chemical 
extinguishers arc relatively ineffective. Foam extin­
guishers can be used to bring a spill fire under 
control. 

A leak from a phosphorus line or tank can often 
be controlled by applying a cooling stream of water 
at the leak to chill and solidify the liquid phosphorus. 
Solid phosphorus unless covered with water, sand or 
earth to exclude the air will slowly melt, and ignite. 

Fire hydrants and hose stations should be dis­
tributed so that spill fires may be approached from 
an upwind position. 

Except in small confined spaces the use of steam 
on phosphorus fires should be avoided because it 
tends to spread the fire and does not aid in cooling 
the phosphorus. 

T Y  H A Z A R D  A N D  C O N T R O L  6 .  I N S T A B I L I T Y ,  R E A C T I V I  

6.1 INSTABILITY HAZARDS—None 

6.2 REACTIVITY HAZARDS 

When exposed to air, phosphorus ignites spon­
taneously and burns vigorously. Phosphinc. a flam­
mable. toxic gas, can be generated when phosphorus 
contacts oxidizing agents or when the phosphorus 
water cover is allowed to reach a pH over 6.5 at a 
temperature of 85°C (185'F). A phosphine poly­
mer can also exist in phosphorus so phosphine may 

always be present. Phosphine can ignite spon­
taneously. 

Hydrogen has also been known to be present above 
a phosphorus surface. If the phosphorus water cover 
is allowed to drop below 5.5 pH. the steel container 
may be attacked chemically and lead to hydrogen 
generation. 

The phosphorus water cover should be controlled 
between a 5.5-6.5 pH range for maximum safety. 

7 .  E N G I N E E R I N G  C O N T R O L  O F  H A Z A R D S  

7.1 BUILDING DESIGN 

Since the production of elemental phosphorus in­
volves operations which create carbon monoxide, 
phosphinc, smoke, dust, molten slag and metal— 
structures, particularly the furnace plant should be 
designed to allow as much natural ventilation as pos­
sible. To obtain more effective ventilation it may be 
necessary to provide a fume removal system. 

7.2 EQUIPMENT DESIGN 

7.2.1 Since elemental phosphorus ignites spon­
taneously upon exposure to air, it is essential that it 
be contained or handled in closed systems and stored 
under a water cover. 

7.2.2 Storage tanks may be constructed of con­
crete or of welded steel without bottom or side 
outlets. 

7.2.2.1 Above grade storage tanks should be 
placed in retaining basins, also constructed of con­
crete or of welded steel, without bottom or side 
outlets. 

7.2.2.2 The basins should be large enough to 
retain the full contents of the tanks or tanks with an 
allowance for water coverage. Basins should be 
cleaned periodically of accumulated dirt to retain 
their original design capacities. 

7.2.2.3 Water lines should be installed to the 
retaining basins to permit flooding. 
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7.2.2.4 Saikd tanks should be equipped with 
frangible discs or safety valves and seals set to 
release at a predetermined pressure. An ample 
safety factor should be allowed to protect the tank 
itself. Discharge from these devices should be di­
rected into a retaining basin. 

7.2.2.5 Storage tanks should be equipped with 
heating coils for either hot water or steam. 

7.2.3 To avoid corrosion at the water line, all 
pipe lines should be equipped with non-corrosive 
sections at those points where the pipes enter the 
liquid. 

7.2.3.1 The pipe used to carry phosphorus 
being pumped or transferred, should be jacketed with 
hot water or steam traced to prevent freezing of the 
phosphorus, and should be installed to allow for 
expansion Mid contraction. 

7.2.3.2 Pipe lines for phosphorus should be 
sloped to the outlet to allow maximum drainage. A 
warm water connection should be made to flush out 
the lines after use. 

7.2.4 Plug or ball valves (all steel) are preferable 
to other types. Flange shields are suggested for pro­
tection in case of gasket failure. Where possible, all 
connections to valves or tanks should be of the 

welded flange type. Valves should be hot water 
jacketed or steam traced. 

7.3 VENTILATION 

Good ventilation is essential in all phosphorus 
handling operations. Building design and equipment 
layout should take full advantage of natural ventila­
tion. However, it may be necessary to provide 
mechanical ventilation at sources of dusts, fumes and 
vapors to ensure that a safe atmosphere is being 
maintained. 

7.3.1 Routine air sampling of the work environ­
ment for phosphorus * and other potential contam­
inants. such as phosphine, carbon monoxide and sul­
fur dioxide is recommended to ensure the adequacy 
and effectiveness of the ventilation systems and other 
engineering controls. 

7.4 ELECTRICAL EQUIPMENT 
General purpose electrical installations are nor­

mally used in phosphorus production areas. 

• A gas chromatic method of detecting 0.004 mg of elemental 
phosphorus per cubic meter of air has been developed by 
C. D. Bohl and E. F. Kaelbie and reported in American Indus­
trial Hygiene Association Journal. Volume 34, pp. 306-309. 
Determination of Elemental Phosphorus in Air by Gas 
Chromatography, 1973. 

8 .  S H I P P I N G ,  L A B E L I N G ,  H A N D L I N G  

8.1 STORAGE 

8.1.1 Phosphorus is stored under water. In con­
tact with water certain gaseous compounds are 
formed, and minute particles detach themselves from 
the main body of the phosphorus which oxidize in 
the cover water and slowly acidify it. The tempera­
ture of the cover water is a factor in the acidification. 
The process will in time corrode the container above 
the phosphorus level. The pH of the cover water 
should be periodically checked for acidity. When the 
acidity is below pH 5.5, the cover water should 
be neutralized to pH range 5.5-6.5 with lime, am­
monia or soda ash. Tests show that a pH up to 6.5 
is a safe limit for alkalinity to avoid the evolution of 
phosphine. Dry soda ash should never be dumped 
into the water since this could result in the formation 
of high pH around the soda ash particles which 
greatly increases the evolution of phosphine. Soda 
ash should be dissolved in hot water and the solution 
pumped into the water and thoroughly mixed. 

8.1.2 Storage tanks should be remote from con­
gested areas. Personnel traffic should be restricted to 
essential workers only. 

8.1.3 Mechanical ventilation should be provided 
where phosphorus is stored or handled inside 
buildings. 

8.2 LABELING AND IDENTIFICATION 

8.2.1 DOT Labeling and Identification * 

8.2.1.1 Each container shall be marked with 
the proper shipping name "Phosphorus, white or 
yellow, dry" or "Phosp '.torus, white or yellow, in 
water" per DOT 173.401(a). 

8.2.1.2 Outside shipping containers, except 
bulk containers, must bear the "Flammable Solid" 

• label as described in DOT 173.410. 

8.2.1.3 Tank cars and other cars containing 
one or more containers of phosphorus must bear the 
DANGEROUS placard per DOT 174.541 (a)(1), 
(2), (3) and tank cars previously loaded with phos­
phorus. when shipped filled with water or inert gas. 
must bear the "Caution—Residual Phosphorus" 
placard per DOT 174.555. 

8.2.1.4 Tank motor vehicles, whether loaded 
or empty, and other motor vehicles transporting 
phosphorus, white or yellow, dry or wet. in any 
quantity of 1000 pounds or more, must be placarded 
FLAMMABLE per DOT 177.823 (a)(1), (2), (3) 
and (b) (1). 

* DOT Regulations should be checked for changes. 
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8.2.2 Precautionary Lalveling 

The Manufacturing Chemists Association rec­
ommends that all containers of phosphorus, white or 
yellow, in water should bear a label as shown. The 

text is designed for the product as shipped for indus­
trial use. It should be used in addition to or in com­
bination with any specific wording required by law. 
Since individual statutes, regulations or ordinances 
may require that particular information be included 

PHOSPHORUS 
White or Yellow 

(For Shipment Under Water) 

DANGER! EXTREMELY FLAMMABLE 
CATCHES FIRE IF EXPOSED TO AIR 
CAUSES SEVERE BURNS 
MAY BE FATAL IF SWALLOWED OR INHALED 

Contents  packed under  water  and wil l  igni te  i f  water  is  removed.  

Do not  get  in  eyes ,  on skin,  on clothing.  

Do not  breathe vapor .  

Wear  heavy protect ive gloves,  goggles ,  and face shield.  

Keep container  c losed.  

Use only with adequate  vent i la t ion.  

Wash thoroughly af ter  handl ing.  

POISON 
Call  a  Physician 

FIRST AID: 

In Case of  Contact ,  immediately f lush skin or  eyes  with plenty of  water  
for  a t  least  15 minutes  while  removing contaminated clothing and-
shoes.  Keep skin area wet  unt i l  medical  a t tent ion is  obtained.  Wash 
clothing before  reuse.  

If Swallowed, induce vomit ing by st icking f inger  down throat  or  by 
giving soapy water  to  dr ink.  Repeat  unt i l  vomit  f luid is  c lear ;  Never  
give anything by mouth to  an unconscious person.  

If Inhaled, remove to  fresh air .  If  not  breathing give ar t i f ic ia l  respira­
t ion,  preferably mouth-to-mouth.  If  breathing is  diff icul t ,  g ive oxygen.  

In Case of :  Fire ,  Spi l l ,  or  Leak—Cover  with water ,  sand,  or  ear th .  
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in a label, that certain information be displayed in 
a particular manner, or that a specific label be allixcd 
to a container, the use of this label will not neces­
sarily ensure compliance with such laws. Such laws 
include the Federal Hazardous Substances Act; Fed­
eral Insecticide. Fungicide and Rodcnticidc Act; and 
similar state and municipal legislation. 

8.3 NON-BULK CONTAINERS 

Phosphorus, white or yellow, is classified by the 
DOT as a Flammable Solid. As such it must be 
packed in DOT specification containers when 
shipped by rail, water, or highway and all DOT 
regulations governing loading, handling and labeling 
must be followed. 

8.3.1 Type and Size 

Authorized containers for phosphorus, white or 
yellow, arc indicated in DOT 173.190. Special refer­
ence is made to shipments by rail express. The usual 
containers used for this commodity are as follows; 

8.3.1.1 Phosphorus, white or yellow, wet 
(shipped under water). 

8.3.1.1.1 DOT Spec. 15A or I5B. Wooden 
boxes with inside containers which must be her­
metically sealed (soldered) metal cans, enclosed in 
other hermetically sealed (soldered) metal cans; or 
hermetically sealed (soldered) metal cans containing 
not over 1 pound each, enclosed in other watertight 
metal cans with screw-top closures; or hermetically 
sealed (soldered) metal cans enclosed in hermetically 
scaled (soldered) metal boxlining, DOT Spec. 2F. 

8.3.1.1.2 DOT Spec. 5A. 6A. or 6B. Metal 
barrels or drums, not over 30 gallons capacity each. 

8.3.2 When phosphorus is shipped or received in 
drums, care should be taken to see that all fittings are 
tight. 

8.3.3 The plug in the bung opening should be 
loosened to prevent rupture of the drum before the 
material is heated to the proper temperature, i.e.. 
above 44CC (111cF) and below 55CC (131 CF). 
preferably to about 52°C (I26°F) before applying 
water to displace the material. 

8 4 BULK TRANSPORT 

8.4.1 General 

8.4.1.1 Loading and unloading operations 
should be conducted by fully trained, reliable em­
ployes under diligent supervision. 

8.4.1.2 Loading and unloading stations should 
be equipped with emergency showers or tubs of 
water for emergency immersion of personnel who 
have come in contact with phosphorus. 

8.4.1.3 Sec that the car or truck is spotted 
accurately and that the track or road is level. Prefer­
ably. loading and unloading operations should be 
conducted in limited personnel access areas and 
posted "Authorized Personnel Only." 

8.4.1.4 The hand-brake should be set and 
standard chocks or rail clamps should be installed to 
block the wheels at the time of loading or unloading. 

8.4.1.5 Shipper's instructions for unloading 
should always be followed and all precautionary 
markings on both sides of tank or dome should be 
read and observed. 

8.4.1.6 Personnel engaged in connecting, load­
ing or unloading lines or sampline should wear pro­
tective clothing (See 4.4 Personal Protective Equip­
ment). 

8.4.1.7 In the event of a leak in the tank car 
cr tank truck or the fittings that cannot be stopped by 
following the instructions from the supplier (which 
may include a suggestion to play a stream of low 
pressure cold water on the leak point and through 
the external coils to freeze the phosphorus) or by 
simple adjustment or tiehtcnins. immediatelv contact 
the shipper or MCA CHEMTREC—800424-9300 
for further instructions 

8.4.1.8 Damage Enroute. In case a tank car 
or tank truck becomes damaged enroute so that it 
cannot proceed safely to its destination, every effort 
should be made to park it where it will not endaneer 
nee pic. tralfic. or property. The police and fire 
department should be notified and public warned to 
stay away. If a leak or spill is involved, follow 
MCA Chem-Card precautions as available or contact 
shipper or MCA CHEMTREC—800-424-9300 for 
safe disposal instructions. 

8.4.2 Tank Trucks 

DOT Spec. MC 310. MC 311. or MC 312. 
Tank motor vehicles, without bottom outlet and with 
insulation at least 4 inches in thickness, except that 
2 inches of insulation is authorized for tanks 
cqtiiopcd with an exterior hcatine jacket. Interior 
heating coils arc not authorized. The- material must 
be immersed in water or be blanketed with an inert 
•*as and be leaded at a temperature not exceeding 
fiO'C (14CF). After unloading, the tank must be 
filled to its entire capacity with an inert gas or to its 
entire capacity with water having a temperature not 
exceeding <S0°C (I40°F) or a combination of water 
and inert gas. 

Trucks should have their wheels chocked and 
jack stands arc recommended for trailer support if 
tractor is removed. 

8.4.3 Tank Cars 

8.4.3.1 Derails should be placed on the un­
loading track approximately one car length from the 
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car being unloaded, unless the car is protected by a 
dosed and locked switch or gate. 

8.4.3.2 Metal "CAUTION" signs should be 
fastened to the track. Signs should be 12"x 15". 
painted light blue. Use the legent "STOP—TANK 
CAR CONNECTED." with the letters in "STOP" 
four inches high. Signs are available from safety 
equipment dealers. 

8 4 3.3 DOT Spec. 103. 103W. 111A60-F-1, 
11IA60-W-1, 111A100-W-1, 111A100-W-3. Tank 
cars without bottom outlet for discharge of lading 
and with approved dome fittings, external heater sys­
tems. and with insulation at least 3 inches in thick­
ness. except that thickness of insulation may be 
reduced to 2 inches over external heater coils. 
Bottom wash-out nozzle of approved design may be 
applied. Approved clean-out nozzles may be applied 
to top of .tanks to aid in cleaning. These are usually 
10 inch I.D. nozzles closed with a bolted blind flange. 
The material must be immersed in water or be 
blanketed with an inert gas and be loaded at a 
temperature not exceeding 60°C (140°F). In cars 
DOT Spec. 103 and 103-W, the water must be 
loaded in the dome to not more than 50 per­
cent of the capacity of the dome. In cars DOT 
Spec. 111A60-F-1. 111A60-W-1. 111A100-W-1, 
1 11A100-W-3 which are without domes, the outage 
is in the tank shell. Cars without domes must not 
be loaded to more than 98 percent of shell capacity 
with phosphorus. The water cover should be ad­
justed to 99 percent of the shell capacity. Inert gas 
of appropriate pressure or a combination of gas and 
water may be used. After unloading, the tank must 

be filled to its entire capacity with an inert gas or 
its entire capacity with water at a temperature not 
exceeding 60'C (I4()JF). If unloading domeless 
cars fill with water to 99 percent of the shell capacity 
or an appropriate amount of inert gas or a combina­
tion of both. The unloaded car must be placarded 
with a caution placard described in DOT sect. 174.555 
before being offered for return movement. See 
DOT Hazardous Material Tariff Section 174.562-66, 
Section 174.584(F), and 197.202-5 for placarding, 
billing, and special requirements in addition to Sec­
tion 173.190. 

8.5 SHIPPING 
8.5.1 Phosphorus, white or yellow, wet (under 

water) shipped by rail express must be shipped in 
DOT Spec. I5A or 15B wooden boxes with inside 
containers which must be hermetically sealed 
(soldered) metal cans, containing not over 1 pound 
each, enclosed in other water-tight metal cans with 
screw-top closures, or with soldered closures. This 
method is also authorized for rail, highway, and 
water shipments. 

8.5.2 Phosphorus, white or veilow, dry must be 
cast solid and shipped in DOT Spec. 6A. 6B, 6C 
metal barrels or drums not over 30 gallons capacity 
each. 

8.5.3 Phosphorus, white or yellow, dry must not 
be shipped by rail express. 

8.5.4 Unloading areas should be well supplied 
with tubs of water or emergency showers and eye 
baths which arc easily accessible and plainly marked. 

9 .  W A S T E  D I S P O S A L  G U I D E  

9.1 Discarding phosphorus, and materials con­
taminated with it. is not generally permissible. Con­
tact with the supplier or a waste disposal company 
is suggested. 

1 0 .  T A N K  A N D  E Q U I P M E N  

10.1 PREPARATION FOR THE JOB 
The hazardous nature of tank inspection, cleaning, 

or repairs requires that the foreman and crew be 
selected, trained, and drilled carefully. They should 
be fully familiar with the hazards, and the safe­
guards necessary for the safe performance of the 
work. 

10.2 PREPARATION OF THE TANK OR 
EQUIPMENT 

Cleaning or making repairs inside a tank may be 
hazardous even though the tank contained a non-

L I N E S  A N D  S P I L L  C O N T R O L  

9.2 "Phossy water" mtjt meet effluent standards 
before allowing it to flow out of the plant. 
9.3 Solid or pasty residues may be burned subject 
to air emission standards. 

T  C L E A N I N G  A N D  R E P A I R S  

toxic, non-flammable material or even after the tank 
has been cleaned of toxic or flammable material. 

10.2.1 Flush tank with hot water one or more 
times as needed. Water temperature should be at 
least 6CTC (I40:F) for flushing; however some 
phosphorus handlers use water temperatures as high 
as 90CC (194CF). Remove the phosphorus water 
but leave enough to barely cover the residue in the 
tank. Then add four to six inches of the coldest 
water available, in order to chill any remaining phos­
phorus or solid residue in the bottom of the tank. 

13 
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10.2.2 Run water into the cooling coils of the 
tank twelve to sixteen hours before the tank is en­
tered. The cooling water should be left on during 
the entire cleaning operation. 

10.2.3 Wherever possible, tanks or vessels should 
be cleaned from the outside, through ciean-out 
openings. 

10.2.4 Pipe lines into or out of the tank or other 
apparatus should be disconnected, preferably by re­
moving a complete small section, and providing a 
blank flange on the open end to protect against 
human error and unsuspected leaks. Valves, cocks, 
and blank flanges in the pipe line should not be 
relied upon. 

10.2.5 Danger signs should be placed suitably to 
indicate when workmen are in the tank or other 
apparatus. 

10.2.6 The portable electric lights and power 
tools should be in good condition and grounded. Low 
voltage lights are recommended. 

10.3 TANK ENTRY 

10.3.1 Be sure the tank can be left by the 
original entrance. 

10.3.2 Lock electrical switches in the off posi­
tion, remove drive belts, and otherwise completely 
safeguard against accidentally starting the agitating 
equipment or other moving parts located inside or 
adjacent to the tank entrance. 

10.3.3 Before entering a tank and during the 
course of the work, tests should be made by a quali­
fied person to determine that no further washing is 
necessary, that no oxygen deficiency exists and that 
no harmful gases are present. 

10.3.4 The person entering the tank must wear 
self-contained or supplied air breathing equipment at 

all rimes while in the tank, -together with rescue 
harness life line and wearing proper personal pro­
tective equipment. 

10.3.5 One person in the tank at a time usually 
makes better progress than several. This is also con­
sidered safer, as it minimizes fouling of the air hose 
and life line with the piping or other equipment in 
the tank. The men should work in relays. 

10.4 EMERGENCY RESCUE 

10.4.1 Another person provided with the same 
equipment should be on guard at all times that 
worker(s) are in the tank. He should keep the man 
or men in the tank under constant observation. At 
least two men should be available to aid in rescue if 
it becomes necessary. 

10.4.2 A water hose with a control valve at the 
outlet should be in a ready position to protect the 
man in the tank. 

10.5 CLEANING AND REPAIRS TO 
TANK AND EQUIPMENT 

10.5.1 When first entering the tank it will be 
noted that some burning has occurred on the walls 
leaving deposits of acid. The acid should be washed 
down into the water to prevent injury to the worker 
and damage to the equipment. 

10.5.2 When the tank is cooled, all solids above 
the frozen phosphorus should be removed by means 
of a bucket. Then the solid phosphorus under the 
water in the bottom of the tank may be chipped 
and broken up with a chisel-pointed bar. The small 
pieces of phosphorus should be placed under water 
in a bucket to prevent burning and the generation of 
vapor. 

10.5.3 Extreme care should be taken in remov­
ing buckets not to spill any material on the person 
in the tank. 
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SLURRY POT ANALYSIS 



FURNACE #4 SLURRY POT TANK SYSTEM 
FIRST AND SECOND PASS SLURRY POTS 
DESIGN ASSESSMENT AND CERTIFICATION 

V-4213 & V-4214 

APPENDIX 2 SLURRY POT ANALYSIS 

INDEPENDENT SLURRY POT CALCULATIONS 
Calculation M-101, Slurry Pot Recirculation Pump Support Bracket, 1/26/95, Rev 0 

Calculation V-2214-VESSEL, Vessel Design/Analysis for 6'-0" Dia Slurry Pots, 
including V-1213/14, V-2214, V-3213/14, and V-4213/14, based on FMC Design Criteria 
and Drawings; 9/13/99, Rev 0. 

PHOSPHOROUS CHEMICAL DIVISION 
FMC CORPORATION 

A-3 Sept-99 



Please Note: 

Calculation, V-2214-Vessel, was conducted to determine the acceptable shell 
thickness limitations for the slurry pot tank design. This calculation was done 
specifically for slurry pot vessel V-2214. This slurry pot is has a 6' - 0" out-side-
to-outside diameter and a seam -to-seam dimension of 2'-10 This slurry pot 
represents the worst case design of all the slurry pots with a 6' - 0" out-side-to-
outside diameter but have smaller seam-to-seam dimensions. Therefore, the 
results determined in this calculation are applicable to the following 6' - 0" out-
side-to-outside diameter slurry pots: 

V-1213, seam-to-seam dimension: 2'-8" 
V-1214, seam-to-seam dimension: 2'-8" 
V-3213, seam-to-seam dimension: 2'-8" 
V-3214, seam-to-seam dimension: 2'-8n 
V-4213, seam-to-seam dimension: 2'-6" 
V-4214, seam-to-seam dimension: 2'-8" 

This calculation was conducted in accordance industry standards, including the 
guidelines outlined in the ASME Boiler and Pressure Vessel Code, Section VIII, 
Div 1, using FMC's design conditions for each slurry pot tank. 

The calculation determines the minimum acceptable shell and head thickness, 
the required reinforcement at the agitator mounting point, and the reinforcement 
requirements at the inlet and outlet connections that support the slurry pots. 

From this analysis the minimum acceptable shell thickness was determined for 
the slurry pots. 
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Pressure Vessel Design Pro Corp 
Houston Tx 

±±±±±±*±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±± 

File name & design pressures ( # 1 ) 

File name = V2214 
Cust. name = FMC 
P.O. no. = 96096.088 
Item no. = V-2214 
S/o no. = 

Des. name = CS HSU 
Vess. name = NO.2 FURNACE 
Units (E/H) = E 
Mode desired (D/A) = D 
Spc'l requirements = 

Int. press. = 10 
Int. temp. = 328 
Ext. press. = 1.8 
Ext. temp. = 328 

- Liquid levels & flange rating ( # 2 ) 

Liq. level #1 = 3.25 
Spec. grav. =1.13 

Liq. level #2 = 
Spec. grav. = 

level #3 = 
Spec. grav. = 
Inp. platf/noz (Y/N) = Y 
Ref. file name = V2214NZ 
Flange mat. = SA 105 
Flange rating = 150 
M.A.P. (N&C) = 285 
M.A.W.P. (Des.) = 221.6 

- Wind ( # 3 ) 

Wind (Y/N) = N 

Code (ANSI/ASCE/UBC) = 
82/88/91/93/94/95/97 = 

Exposure (A/B/C/D) = 

Wind speed 
Factor Kzt/0 
Shape factor/Cq/0 
Factor I/O 
Gust factor Gh/0 
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±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±1 <J 

Pressure Vessel Design Pro Corp 
Houston Tx 

tl±±±i±t±i±*t±±±l±l±±±±±±±t±±±*±±±±±±±±±±±±±*±*±±±±±±±±t±±±±ti±±±±±±±±±t±±±±t±±± 

^^^eismic & Weight factors ( # 4 ) 

Seismic (Y/N) = Y 

Code (ANSI/ASCE/UBC) = UBC 

88/91/93/94/95/97/Sf = 97 

Seismic zone (0-4) = 2 

Factor Z/Ac/Ca/0 = 0 

Factor I/Av/Ip/0 = 0 

Factor K/Cc/Aa/0 = 0 

Factor S/P/Fa/0 = 0 

Factor Rw/R or 0 = 0 

Input Weights (Y/N) = N 

Ship/Empty wt factor = 1/1 

Oper. wt factor = 1 

- Bed packing ( # 5 ) 

Bed height (#1) s  

Pack. wt. = 

Elev. s  

Elev. = 

Liq. hold up (X) = 

spec. grav. 

Bed height (#2) 

Pack. wt. 
Elev. 
Elev. 
Liq. hold up (X) 
Liq. spec. grav. 

( 3 - Tu I 

T'm ̂  

> Doe--, Hcsrx IMPACT TMC 
X> Cc^' e - IW."D CAUC^' T(S> V Tl IC 

vU»"T C - C 7, 7^%- J 

Additional vertical loads ( # 6 ) 

Vert, load #1 
Ecc. mom. arm 
Dist. from base 
Dist. from base 

= 800 
= 5.25 
= 0 
= 0 

Vert, load #2 = 700 
Ecc. mom. arm = 4 
Dist. from base = 4 
Dist. from base = 1 

Vert, load #3 
Ecc. mom. arm 
Dist. from base 

t. from base 
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Pressure Vessel Design Pro Corp 

Houston Tx 
:±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±± 

Additional horizontal loads ( # 7 ) 

Hor. load #1 
Dist. from base 
Dist. from base 

Hor. load #2 
Dist. from base 
Dist. from base 

Hor. load #3 
Dist. from base 
Dist. from base 

- Insulation/Eff. dia./Vess. type/Vess. length & size/Grade elev. ( # 8 ) 

Insulation thk. = 0 

Eff. dia. or 0 =0 

Vess. type (ID/OD) = OD 

|s. size = 72 
Vess. length = 3 
Vess. length = 1 

Mat. req. (Y/N) = N 

Grade-btm. base 

- Bottom head material 

Btm. hd. mat. 
Allow, stress (N&C) 
Allow, stress (Des) 
Yield strength (N&C) 
Mod. elasticity (Des) 
Joint eff. (%) 

Corr. allow. 
Head thk. 
Factor B 
Btm. hd. type (1-5) 
Knuckle rad. 
Dish rad. 
Head rad./Dia. @ Se 

^^d depth/Cone lgth. 

= 0 

& thickness ( # 9 ) 

= SA 516 70 
= 17500 
= 17500 
= 38000 
= 2.872E+07 
= 70 

= .0625 
= .25 

= 2 

= 4.5 
= 72 
z 

=  1 2  
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Pressure Vessel Design Pro Corp 
Houston Tx 

:±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±± 

op head material & thickness ( # 10 ) 

Top hd. mat. = SA 516 70 
Allow, stress (N&C) = 17500 
Allow, stress (Des) = 17500 
Yield strength (N8.C) = 38000 
Mod. elasticity (Des) = 2.872E+07 
Joint eff. (X) = 70 
Corr. allow. = .0625 
Head thk. = .25 
Factor B = 
Top hd. type (1-5) = 2 
knuckle rad. =4.5 
Dish rad. = 72 
Head rad./Dia. @ Se = 
Head depth/Cone lgth. = 

- Shell material & thickness ( # 11 ) 

Sh. material = SA 516 70 
Allow, stress (N&C) = 17500 
Allow, stress (Des) = 17500 
Yield strength (N&C) = 38000 
Mod. elasticity (Des) = 2.872E+07 

jnt eff. (X) = 70 
r. allow. = .0625 

Shell thk. = .25 
Factor B = 

Ship. wt. 
Empty wt. 
Oper. wt. 
Test wt. 

- Support lug/Anchor bolt material & Lug elevation ( # 12 ) 

No. of lugs = 0 

Tl.-Btm. base = 
Tl.-Btm. base = 

Lug material 
Allow, stress (N&C) = 
Allow, stress (Des) = 
Yield strength (Des) = 
Mod. elasticity (Des) = 
Corr. allow. = 

Anchor bolt mat. = 
^^ow. stress (Tens) 
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^^g±±±±±±±±±±±i±±±±i±t±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±t±±±±±±±±±±±±±±±±±±± 

^^^earing pressure & Bolt/Base plate/Top lug/Bearing surface dimensions ( # 13 

) 

Bearing press. = 
Anchor des. (1/2/3) = 
No. of bolts 
Bolt dia. = 
Bolt circ. dia. = 

Base pi. thk. = 
Base pi. width = 
Base pi. proj. = 

Bearing surface = 

Top lug thk. = 
Top lug proj. = 

- Gusset/Weld/Reinforced pad/Stiffener dimensions ( # 14 ) 

Gusset thk. = 
Gusset length = 
Gusset proj. @ top = 

^^d thk. lugs 

With reinf. pad (Y/N) = 
Pad thk. = 
Pad width = 
Pad length = 

With stiffeners (Y/N) = 

Stiff, thk. 
Stiff, width = 

- Vessel stiffeners ( # 15 ) 

Stiff, size #1 = 
Stiff, width = 
No. of stiff. = 
Stiff, spacing = 

Stiff, spacing 
Aver, spacing = 

Sect, length 
Sect, length = 
Sect. OD = 
Sect. thk. = 

•

fig. no. = 

tor B = 
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External press, calc. & Name plate stamping & Calc. reports ( # 16 

Ext. press, calc. = 
+1/3 top hd. (Y/N) = Y 
+1/3 btm hd. (Y/N) = Y 

M.A.P. (N&C) = 48 
M.A.W.P. (Des) = 34 
Hydro test press. = 73 

Calc. report output = 
Int. press. (Y/N) = Y 
Ext. press. (Y/N) = Y 
Lugs design (Y/N) = N 



P r e s s u r e  V e s s e l  D e s i g n  P r o  C o r p .  
H o u s t o n  T x  

N o z z l e  ( # 1 ) 

N o z z .  m a r k  
N o z z .  s i z e  ( i n . )  
R a t i n g  ( 1 5 0 - 2 5 0 0 )  
N o z z .  t y p e  ( 1 - 3 )  
W i t h  b l i n d  ( Y / N )  
H i n g e / D a v i t  ( H / D )  

N 1  ( A G I T A T O R )  

1  5  
1 5 0  
1 
N  

E l e v .  ( f t )  o r  ( T / B )  
E I e v .  ( i n . )  
O r i e n t a t i o n  ( d e g . )  
N o z z .  p r o j .  ( C v - F  F  )  

3  • '  
0 

N o z z .  w t .  ( l b s . )  
R e i n f .  f i l e  n a m e  

2 8 4  

-  N o z z l e  ( # 2 ) 

N o z z .  m a r k  
N o z z .  s i z e  ( i n . )  
R a t i n g  ( 1 5 0 - 2 5 0 0 )  
N o z z .  t y p e  ( 1 - 3 )  
W i t h  b l i n d  ( Y / N )  

l g e / D a v i t  ( H / D )  

E l e v .  ( f t )  o r  ( T / B )  
E l e v .  ( i n . )  
O r i e n t a t i o n  ( d e g . )  
N o z z .  p r o j .  ( C v - F F )  

N  2  (  I N L E T )  

1 4  
1 5 0  
1 
N  

T  

N o z z .  u t .  ( l b s . )  
R e i n f .  f i l e  n a m e  

=  2 2 6  

N o z z l e  (  #  3  )  

N o z z .  m a r k  
N o z z .  s i z e  ( i n . )  
R a t i n g  ( 1 5 0 - 2 5 0 0 )  
N o z z .  t y p e  ( 1 - 3 )  
W i t h  b l i n d  ( Y / N )  
H i n g e / D a v i t  ( H / D )  

N  3  ( F O G  C O N N E C T I O N )  

6 
1 5 0  
1 
N  

E l e v .  ( f t )  o r  ( T / B )  

E l e v .  ( i n . )  
O r i e n t a t i o n  ( d e g . )  
N o z z .  p r o j .  ( C v - F F )  

=  T  

N o z z .  w t .  ( l b s . )  

; i n f .  f i l e  n a m e  

= 59 



P r e s s u r e  V e s s e l  D e s i g n  P r o  C o r p  
H o u s t o n  T x  

-  N o z z l e  (  # 4  )  

N o z z .  m a r k  =  N 4  ( P E  C O N N E C T I O N )  

N o z z .  s i z e  ( i n . )  =  4  
R a t i n g  ( 1 5 0 - 2 5 0 0 )  =  1 5 0  
N o z z .  t y p e  ( 1 - 3 )  =  1  
W i t h  b l i n d  ( T / N )  =  N  
H i n g e / D a v i t  ( H / D )  =  

E  I  e v .  ( f t )  o r  ( T / B  )  
E  I  e v .  ( i n . )  
O r i e n t a t i o n  ( d e g . )  
N o z z .  p r o j .  ( C v - F F )  

2 . 
5  /  

N o z z .  w t .  ( l b s . )  
R e  i n f .  f i l e  n a m e  

=  3 9  

N o z z l e  (  #  5  )  

N o z z .  m a r k  
N o z z .  s i z e  ( i n . )  
R a t i n g  ( 1 5 0 - 2 5 0 0 )  
N o z z .  t y p e  ( 1  -  3  )  

i t h  b l i n d  ( Y / N )  
n g e / D a v i t  ( H / D )  

E l e v .  ( f t )  o r  ( T / B )  
E I e v .  ( i n . )  
O r i e n t a t i o n  ( d e g . )  
N o z z .  p r o j .  ( C v - F F )  

N  5  ( P U M P  S U C T I O N )  

3  
1 5 0  

2 
N  

2 v 

4  •  

N o z z .  w t .  ( l b s . )  
R e i n f .  f i l e  n a m e  

2 7  

N o z z l e  ( # 6 ) 

N o z z .  m a r k  
N o z z .  s i z e  ( i n . )  
R a t i n g  ( 1 5 0 - 2 5 0 0 )  
N o z z .  t y p e  ( 1  -  3  )  
W i t h  b l i n d  ( Y / N )  
H i n g e / D a v i t  ( H / D )  

N  6  ( P U M P  D I S C H A R G E )  

2 
1 5 0  
2 
N  

E l e v .  ( f t )  o r  ( T / B )  =  2  ̂  
E l e v .  ( i n . )  = 6 » ^  
O r i e n t a t i o n  ( d e g . )  =  
N o z z .  p r o j  .  ( C v - F  F  )  =  

N o z z .  w t .  ( l b s . )  =  1 6  

i n f .  f i l e n a m e  



P r e s s u r e  V e s s e l  D e s i g n  P r o  C o r p .  
H o u s t o n  T x  

^ N o z z l e  (  )  

N o z z .  m a r k  
N o z z .  s i z e  ( i n . )  
R a t i n g  ( 1 5 0 - 2 5 0 0 )  
N o z z .  t y p e  ( 1 - 3 )  
U i t h  b l i n d  ( Y / N )  
H i n g e / D a v i t  ( H / D )  

E l e v .  ( f t )  o r  ( T / B )  
E I e  v .  ( i n . )  
O r i e n t a t i o n  ( d e g . )  
N o z z .  p r o j .  ( C v - F F )  

N o z z .  w t .  ( l b s . )  
R e  i n f .  f i l e  n a m e  

- N o z z l e  ( # 8 )  

N o z z .  m a r k  
N o z z .  s i z e  ( i n . )  
R a t i n g  ( 1 5 0 - 2 5 0 0 )  
N o z z .  t y p e  ( 1 - 3 )  
W i t h  b l i  n d  ( Y / N )  

g e / D a v i t  

E l e v .  ( f t )  o r  ( T / B )  
E l e v .  ( i n . )  
O r i e n t a t i o n  ( d e g . )  
N o z z .  p r o j .  ( C v - F F )  

N o z z .  w t .  ( l b s . )  
R e  i n f .  f i l e  n a m e  

-  N o z z l e  ( .  #  9  )  

N o z z .  m a r k  
N o z z .  s i z e  ( i n . )  
R a t i n g  ( 1 5 0 - 2 5 0 0 )  
N o z z .  t y p e  ( 1 - 3 )  
U i t h  b l i n d  ( Y / N )  
H i n g e / D a v i t  ( H / D )  

E l e v .  ( f t )  o r  ( T / B )  
E l e v .  ( i n . )  
O r i e n t a t i o n  ( d e g . )  
N o z z .  p r o j .  ( C v - F F )  

N o z z .  w t .  ( l b s . )  

^ ^ ^ i  n f .  n a m e  

=  N  7  ( D R A I N )  
=  1 0 -
=  1 5  0  
= 1 

=  N  

=  B  

=  1 2 3  

=  N  8  ( O U T L E T )  
=  4  

=  1 5 0  
= 1 

=  N  

=  B  ^  

=  3 9  

M 1  

22 ^ 
1 5 0  
1 
Y  
H  

3  • "  
4 

978 



PRESSURE VESSEL DESIGN PRO CORP. 
HOUSTON TX 

INTERNAL PRESSURE 

CUSTOMER NAME : FMC 

P.O. NO. : 96096.088 

ITEM NO. : V-2214 S/0 NO. : 

VESS. NAME : NO.2 FURNACE 2ND PASS SLURRY POT 

DESIGNER NAME : CS HSU DATE : 08-13-1999 

72 OD X 3 ft. 1 in. TL-TL 

> DESIGN DATA < 

DES. PRESS. (P) : 10 psi. 

TIC PRESSURE 

LIQUID LEVEL # 1 = 3.25 ft.' 
SPECIFIC GRAVITY =1.13 ^ 

DESIGN TEMP. : 328 deg. F 

FLGS 

FLGS MATERIAL : SA 105 
FLGS RATING : 150 # 
M.A.W.P. OF FLGS (NEW) : 285 psi . 
M.A.W.P. OF FLGS (DES.) : 221.6 psi. 

HEADS 

- TOP HEAD 
HEAD TYPE : F & D 
HD MATERIAL : SA 516 70 
ALLOW. STRESS (N & C) : 17500 psi. 
ALLOW. STRESS (DES.) : 17500 psi. 

J.E. : 70 X 
C.A. : .0625 in. 

THK. : .25 in. 

-  D  - BTM. HEAD 
iAD TYPE : F 8. D 
|  MATERIAL : SA 516 70 
...LOW. STRESS (N & C) : 17500 psi. 
ALLOW. STRESS (DES.) : 17500 psi. 

J.E. : 70 X 
C.A. : .0625 in. 



THK. : .25 in. 



ITEM NO. : V-2214 S/O NO. : 

******************************************************************************* 

- 3.083333 ft. OF SHELL 

SH. MATERIAL : SA 516 70 
ALLOW. STRESS (N & C) : 17500 psi. 
ALLOW. STRESS (DES.) : 17500 psi. 
J.E. : 70 % 
C.A. : .0625 in. 
THK. : .25 in. 

—> VESSEL CONSTRUCTED PER A.S.M.E. SECT. VIII DIV. I <— 



ITEM NO. : V-2214 S/O NO. 

> SHELL < 

- Section diameter : 72 in. 
- Sect, length : 3.083333 ft. 

(P + Stp) X (R) 
THK (REQ'D) = — — + C 

(Sd X E) + (0.4 X (P + Stp) ) 

( 10 + 1.591294 ) X ( 36 ) 
THK (REQ'D) - - + .0625 

( 17500 X .7 ) + (0.4 X ( 10 + 1.591294 ) ) 

THK (REQ'D) = 9.655132E-02 in. 

THK USE (ST) = .25 in. 

Sa X E X ST 
.P. (NEW) 

R - (0.4 X ST) 

17500 X .7 X .25 
M.A.P. (NEW) = 

36 - (0.4 X .25 ) 

M.A.P. (NEW) = 85.3064 psi. 

Sd X E X (ST - C) 

M.A.P. (CORR.) 
(R) - (0.4 X (ST - O) 

17500 X .7 X ( .25 - .0625 ) 

M.A.P. (CORR.) 
( 36 ) - (0.4 X ( .25 - .0625 )) 

M.A.P. (CORR.) = 63.93528 psi. 62.34399 psi. (- 1.591294 Stactic P. 

NOMENCLATURE : 

= Allow, stress (N&C) Sd = Allow, stress (Des.) 



ITEM NO. : V-2214 S/O NO. 

> F & D HEAD < 

L o  = 7 2  R o  =  4 . 5  

Li/Ri = 16.88235 M = 1.763304 

(P +Stp) X (Lo) X M 
THK (REQ'D) = - + C 

(2 X Sd X E) + ((M-0.2) X (P +Stp)) 

( 10 + 1.583644 ) X { 72 ) X 1.763304 
THK (REQ'D) = + -0625 

(2 X 17500 X .7 ) + ( ( 1.763304 - .2 ) X ( 10 + 1.583644 ) ) 

THK (REQ'D) = .1224816 in. 

THK USE = .25 in. 

2 X Sa X E X HT 
(.P. (NEW) 

(Lo X M) - ((M-0.2) X HT) 

2 X 17500 X .7 X .25 

( 72 X 1.763304 ) - ( ( 1.763304 - 0.2 ) X .25 ) 

M.A.P. (NEW) = 48.39331 psi. 

2 X Sd X E X (HT - C) 
M.A.P. (CORR.) = - — -

(Lo X M) + ((M-0.2) X (HT - C)) 

2 X 17500 X .7 X ( .25 - .0625 ) 

( 72 X 1.763304 ) - ( ( 1.763304 - 0.2 ) X ( .25 - .0625 )) 

M.A.P. (CORR.) = 36.26698 psi. 34.68334 psi. (- 1.583644 Stactic P.) 

NOMENCLATURE : 

|= Allow, stress (N&C) Sd = Allow, stress (Des.) 



ITEM NO. : V-2214 S/O NO. 

> F & 0 HEAD < 

L o  = 7 2  R o  =  4 . 5  

Li/Ri = 16.88235 M = 1.763304 

(P +Stp) X (Lo) X M 
THK (REQ'D) - + C 

(2 X Sd X E) + ((M-0.2) X (P +Stp)) 

( 10 + 8.160487E-02 ) X ( 72 ) X 1.763304 
THK (REQ'D) = + .0625 

(2 X 17500 X .7 ) + ( { 1.763304 - .2 ) X ( 10 + 8.160487E-02 ) ) 

THK (REQ'D) = .1147088 in. 

THK USE = .25 in. 

2 X Sa X E X HT 
M.A.P. (NEW) = -

(Lo X M) - ((M-0.2) X HT) 

2 X 17500 X .7 X .25 
M.A.P. (NEW) = 

( 72 X 1.763304 ) - ( ( 1.763304 - 0.2 ) X .25 ) 

M.A.P. (NEW) = 48.39331 psi. 

2 X Sd X E X (HT - C) 
M.A.P. (CORR.) = 

(Lo X M) + ((M-0.2) X (HT - C)) 

2 X 17500 X .7 X ( .25 - .0625 ) 
M.A.P. (CORR.) = 

( 72 X 1.763304 ) - ( ( 1.763304 - 0.2 ) X ( .25 - .0625 )) 

M.A.P. (CORR.) = 36.26698 psi. 36.18538 psi. (- 8.160487E-02 Stactic P.) 

f ENCLATURE : 

a = Allow, stress (N&C) Sd = Allow, stress (Des.) 



ITEM NO. : V-2214 S/O NO. 

NAME PLATE STAMPING 

M.A.P. (N & C) = 48 psi. @ Atm. temp. (GOVERNS BY : Bottom Head) 

M.A.W.P. (DES.) = 34 psi. @ 328 deg. F (GOVERNS BY : Bottom Head) * 

HYDRO TEST PRESS. = 1.5 X M.A.P. (N & C) = 73 psi. 

—> M.A.W.P. shown above, excluded static head pressure. 
1.8 psi. ext. press. @ 328 deg. F 



PRESSURE VESSEL DESIGN PRO CORP. 
HOUSTON TX 

EXTERNAL PRESSURE 

CUSTOMER NAME : FMC 

P.O. NO. : 96096.088 

ITEM NO. : V-2214 S/0 NO. : 

VESS. NAME : NO.2 FURNACE 2ND PASS SLURRY POT 

DESIGNER NAME : CS HSU DATE : 08-13-1999 

72 in. OD X 3 FT 1 in. TL-TL 

> DESIGN DATA < 

DES. PRESS : 1.8 psi. DES. TEMP. : 328 deg. F 

. @ SH : .0625 C.A. @ HDS : .0625 

J.E. 0 SH : 70 % J.E. 6 HDS : 70 % 

SHELL 

SH MATERIAL : SA 516 70 

ALLOW. STRESS (DES.) : 17500 psi. 

SH THK (NEW) : .25 in. 

HEADS 

HD MATERIAL : SA 516 70 (Btm.) SA 516 70 (Top) 

ALLOW. STRESS (DES.) : 17500 psi. 17500 psi. 

HD THK (NEW) : .25 in. .25 in. 



ITEM NO. : V-2214 S/O NO. 

> SHELL < 

TL TO TL = 37 in. 

1/3 OF HD DEPTH = 4 in. 

L (USE) = 41 in. 

OD = 72 in. 

T (CORR.) = .1875 in. 

L / OD = 41 / 72 = .5694444 

OD / T = 72 / .1875 = 384 

3.262111E-04 (FIG. G) 

B = 4684.392 psi. (FIG. CS-2) & (UG-23) 

PA = (4 X B) / (3 X (OD /T)) 

PA = (4 X 4684.392 ) / (3 X ( 72 / .1875 )) 

PA = 16.26525 psi. @ 328 deg. F 



ITEM NO. : V-2214 S/O NO. N 

> F & D HO (BTM) < 

RO = OD = 72 in. 

T (CORR.) = .1875 in. 

RO / T = 72 / .1875 = 384 

A = 0.125 / (RO /T) 

A = 0.125 / ( 72 / .1875 ) = 3.255208E-04 

B = 4674.48 psi. (FIG. CS-2) 8. (UG-23) 

B / (RO 

PA = 4674.48 / ( 72 / .1875 ) = 12.17312 psi. @ 328 deg. F 



ITEM NO. V-Z214 S/O NO. 

> F & D HD (TOP) < 

RO = OD = 72 in. 

T (CORR.) = .1875 in. 

RO / T = 72 / .1875 = 384 

A = 0.125 / (RO /T) 

A = 0.125 / ( 72 / .1875 ) = 3.255208E-04 

B = 4674.48 psi. (FIG. CS-2) & (UG-23) 

B (RO 

PA = 4674.48 / ( 72 / .1875 ) = 12.17312 psi. @ 328 deg. F 



KlflZZLE Bfr'^Fo^CEM&vTI* £aJ i ) 
±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±*±±±«±t± 

Pressure Vessel Design Pro Corp 
Houston Tx 

±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±± 

File name & design pressures ( # 1 ) 

File name 
Cust. name 
P.O. no. 
Item no. 
S/o no. 
Des. name 
Vess. name 
Units (E/M) 
Mode desired (D/A) 

V2214N1 
FMC 
96096.088 
V-2214 

CS HSU 
NO.2 FURNACE 2ND PASS SLURRY POT 

E 
A 

M.A.P. = 10/1.8 
M.A.W.P. = 10/1.8 
Des. temp. = 328 

- Vessel & nozzle material ( # 2 ) 

Vess. mat. 
Allow, stress (n&c) 
Allow, stress (des.) 
Joint eff. (%) 
Corn, allow, 

s. thk. 
s. ID 

SA 516 70 
17500 
17500 
100 
.0625 
0.375 
71.25 

Nozz. mk. = N1 
Nozz. mat. • SA 516 70 
Allow, stress (n8ec) « 17500 
Allow, stress (des.) = 17500 
Joint eff. (%) = 100 
Com. allow. = .0625 

- Nozzle location ( # 3 ) 

Location (S/H/C) = S 
Head type (E/F/H/FLG) = 

0.9 use (Y/N) = 

Ins. crown rad. = 
Ins. kn. rad. = 
Factor M use (Y/N) = 

Head rad. 

Cone ID (se) = 

Cone heigth = 
to cone sm. (le) = 



±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±± ^>^6 2- 2. 
Pressure Vessel Design Pro Corp. 

Houston Tx 
•±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±± 

Reinforcing type & material ( # 4 ) 

100% reinf. (Y/N) = N 
Tr (n&c) = 
Tr (des.) = 

Nozzle type (R/I) = R 

Pad mat. = SA 516 70 
Allow, stress (n&c) = 17500 
Allow, stress (des.) = 17500 

Bevel deg. = 
Nut stop/relief (S/R) = 
Toler. @ nut stop = 
Tol. 6 nut space = 

- Nozzle with reinforced pad ( # 5 ) 

Ins. proj. = 0 

Nozzle size = 15 
Nozz. thk. = 0.375 
Nozz. 00 = 21.2132 
Nozz. sch. = 

Ith pad (Y/N) = Y 
Pad thk. = 0.375 
Pad width = 3 

Weld thk. (outs.) = 
Weld thk. (ins.) = 
Weld thk. (pad) = 

- Self reinforced nozzle ( # 6 ) 

Ins. proj. = 

Nozzle size 
Nozz. thk. = 
Nozz. 00 = 

Nozz. Rating/Sch. = 

Outs. proj. = 

Flange face (1/2/3) = 
Dim. a = 
Dim. b = 
Dim. c = 

Weld thk. (outs.) = 
thk. (ins.) 



±±t±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±± 
Pressure Vessel Design Pro Corp 

Houston Tx 
:±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±i±±±±±±±±±±±±±±±±±±±± 

Calculation reports ( # 7 ) 

Weld calc. (Y/N) = X 
Calc. report (Y/N) = Y 
N&C report (Y/N) = Y 
Resuls only (Y/N) = Y 
Ext. P calc. (Y/N) = Y 

Hill side (Y/N) = N 
Ctr-Ctr dim. = 

Per 1-7(b) (Y/N) = Y 

Des. ext. press. = 2.872E+07 
Shell length = 34.25 
Tr (ext.) (N&C) = .1875 

- ( * 8 ) 



PRESSURE VESSEL DESIGN PRO CORP. 
HOUSTON TX 

NOZZLE REINFORCEMENT 

CUSTOMER NAME : FMC 
P.O. NO. : 96096.088 
ITEM NO. : V-2214 S/0 NO. : 
DESIGNER NAME : CS HSU DATE : 08-13-1999 

PER A.S.M.E. SECT. VIII DIV. I (LATEST ADDENDA) 

> DESIGN DATA < 

NOZ. DESCR. : (Nl) 15 in. OPENING IN 71.25 in. ID SHELL 

MAP & MAWP : 10 psi. (N&C) 10 psi. (DES.) 

DES. TEMP. : 328 deg. F 

VESSEL : 

•  HAT. : SA 516 70 
ALLOW. STRESS : 17500 psi. (N&C) 
THK : .375 in. (N&C) 
J.E. @ JUNCTION : 100 (%) 

NOZZLE : 

NECK MAT. : SA 516 70 
ALLOW. STRESS : 17500 psi. (N&C) 
THK : .375 in. (N&C) 
OD : 21.2132 in. () 
ID : 20.4632 in. (N&C) 
J.E. B JUNCTION : 100 (X) 

WELD THK @ NECK : 0 in. (OUTWARD) 

REINF. PAD : 

PAD : .375 in. THK X 3 in. WIDE W/ 0 in. THK WELD @ PAD 

MAT. : SA 516 70 
ALLOW. STRESS : 17500 psi. (N&C) 17500 psi. (DES.) 

17500 psi. (DES.) 
.3125 in. (CORR.) 
C.A. = .0625 in. 

17500 psi. (DES.) 
.3125 in. (CORR.) 

20.5882 in. (CORR.) 
C.A. = .0625 in. 



ITEM NO. : V-2214 S/O NO. 
NOZ. MK. : N1 

> DESIGN CONDITION <— 

LIMITS : 

HORIZONTAL LIMIT = 9.9816 in. 
VERTICAL LIMIT = .78125 in. 

STRENGTH RED. FACTORS : 

fr (A2.A3 & A43) = 1 
fr (A41) = 1 
fr (A5 & A42) = 1 

( Ext. = .125 in. ) 
( Ext. = .106066 in. ) 

( Ext. = 1.286762 in. sq. ) 

( Ext. = 3.860287 in. sq.) 
( Ext. = .3225532 in. sq. ) 

tr = 2.039985E-02 in. 
trn = 5.884361E-03 in. 

A = .4199962 in. sq. 

A1 = 6.013816 in. sq. 
A2 = .4790869 in. sq. 
A3 = 0 in. sq. 
A41 = 0 in. sq. 
A43 = 0 in. sq. 

2 = 0 in. sq. 
= 2.25 in. sq. 

AREA AVAIL. (Aa) = 8.742903 in. sq. ( Ext. = 6.43284 in. sq. ) 

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <=== 



ITEM NO. : V-2214 S/O NO. 
NOZ. MK. : N1 

—> N & C CONDITION <— 

LIMITS : 

HORIZONTAL LIMIT = 9.8566 in. 
VERTICAL LIMIT = .9375 in. 

STRENGTH RED. FACTORS : 

fr (A2.A3 & A43) = 1 
fr (A41) = 1 
fr (A5 & A42) = 1 

tr = 2.036412E-02 in. 
trn = 5.848634E-03 in. 

A = .4167152 in. sq. 

A1 = 7.256985 in. sq. 
A2 = .6921588 in. sq. 
A3 = 0 in. sq. 
A41 = 0 in. sq. 
A43 = 0 in. sq. 

= 0 in. sq. 

= 2.25 in. sq. 

AREA AVAIL. (Aa) = 10.19914 in. sq. 

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <=== 



rtpzZLB (aJ 2-) 
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Pressure Vessel Design Pro Corp 
Houston Tx 

_±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±± 

^File name & design pressures ( # 1 ) 

File name = V2214N2 
Cust. name = FMC 
P.O. no. = 96096.088 
Item no. = V-2214 
S/o no. = 

Des. name = CS HSU 
Vess. name = NO.2 FURNACE 2ND PASS SLURRY POT 
Units (E/H) = E 
Mode desired (D/A) = A 

M.A.P. 
M.A.W.P. 
Des. temp. 

=  1 0 / 1 . 8  
=  1 0 / 1 . 8  
= 328 

- Vessel & nozzle material ( # 2 ) 

Vess. mat. 
Allow, stress (n&c) 
Allow, stress (des.) 
Joint eff. (X) 
Corn, allow, 

ess. thk. 
Iss. 10 

= SA 516 70 
= 17500 
= 17500 
= 100 
= .0625 
= 0.375 
= 71.25 

Nozz. mk. 
Nozz. mat. 
Allow, stress (n&c) 
Allow, stress-(des.) 
Joint eff. (X) 
Corr. allow. 

= N2 

= SA 106 B 
= 15000 
= 15000 
= 100 

= .0625 

- Nozzle location ( # 3 ) 

Location (S/H/C) = H 
Head type (E/F/H/FLG) = F 

0.9 use (Y/N) 

Ins. crown rad. = 72 
Ins. kn. rad. = 4.5 
Factor M use (Y/N) = Y 

Head rad. 

Cone ID (se) 
Cone heigth 
£tr. to cone sm. (le) = 
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Reinforcing type & material ( # 4 ) 

100% reinf. (Y/N) = N 
Tr (n&c) = 
Tr (des.) = 

Nozzle type (R/I) = R 

Pad mat. = SA 516 70 
Allow, stress (n&c) = 17500 
Allow, stress (des.) = 17500 

Bevel deg. = 
Nut stop/relief (S/R) = 
Toler. @ nut stop = 
Tol. @ nut space 

- Nozzle with reinforced pad ( # 5 ) 

Ins. proj. = 0 

Nozzle size = 14 
Nozz. thk. =0.5 
Nozz. 0D = 14 
Nozz. sch. = XST 

h pad (Y/N) = Y 
Pad thk. = 0.375 
Pad width = 3 

Weld thk. (outs.) = 

Weld thk. (ins.) 
Weld thk. (pad) = 

- Self reinforced nozzle ( # 6 ) 

Ins. proj. = 
Nozzle size = 
Nozz. thk. = 
Nozz. 0D = 

Nozz. Rating/Sch. = 

Outs. proj. = 
Flange face (1/2/3) = 
Dim. a = 
Dim. b = 
Dim. c = 

Weld thk. (outs.) 
JVeld thk.(ins.) 
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Calculation reports ( # 7 ) 

Weld calc. (Y/N) = N 
Calc. report (Y/N) = Y 
N&C report (Y/N) = Y 
Resuls only (Y/N) = Y 
Ext. P calc. (Y/N) = Y 

Hill side (Y/N) = N 
Ctr-Ctr dim. = 

Per 1-7(b) (Y/N) = Y 

Des. ext. press. = 2.872E+07 
Shell length = 34.25 
Tr (ext.) (N&C) = .1875 

( # 8 ) 



PRESSURE VESSEL DESIGN PRO CORP. 
HOUSTON TX 

NOZZLE REINFORCEMENT 

CUSTOMER NAME : FMC 
P.O. NO. : 96096.088 
ITEM NO. : V-2214 S/0 NO. : 
DESIGNER NAME : CS HSU DATE : 08-13-1999 

PER A.S.M.E. SECT. VIII DIV. I (LATEST ADDENDA) 

—> DESIGN DATA < 

NOZ. DESCR. : (N2) 14 in. OPENING IN 71.25 in. ID F & D HD 

MAP & MAWP : 10 psi . (N&C) 10 psi. (DES.) 

DES. TEMP. : 328 deg. F 

VESSEL : 

D HD MAT. : SA 516 70 
ALLOW. STRESS : 17500 psi. (N&C) 
THK : .375 in. (N&C) 
INS. CROWN RAD. : 72 in. (N&C) 
INS. KNUCKLE RAD. : 4.5 in. 
J.E. 0 JUNCTION : 100 (X) 

NOZZLE : 

NECK MAT. : SA 106 B 
ALLOW. STRESS : 15000 psi. (N&C) 
THK : .5 in. (N&C) 
OD : 14 in. (XST) 
ID : 13 in. (N&C) 
J.E. 0 JUNCTION : 100 (X) 

WELD THK 0 NECK : 0 in. (OUTWARD) 

REINF. PAD : 

PAD : .375 in. THK X 3 in. WIDE W/ 0 in. THK WELD 0 PAD 
MAT. : SA 516 70 
ALLOW. STRESS : 17500 psi. (N&C) 17500 psi. (DES.) 

17500 psi. (DES.) 
.3125 in. (CORR.) 
72.0625 in. (CORR.) 
FACTOR M = 1.75 
C.A. = .0625 in. 

15000 psi. (DES.) 
.4375 in. (CORR.) 

13.125 in. (CORR.) 
C.A. = .0625 in. 



ITEM NO. : V-2214 S/O NO. 
NOZ. MK. : N2 

—> DESIGN CONDITION <— 

LIMITS : 

HORIZONTAL LIMIT = 6.125 in. 
VERTICAL LIMIT = .78125 in. 

STRENGTH RED. FACTORS : 

fr (A2.A3 & A43) = .8571429 
fr (A41) = .8571429 
fr (A5 & A42) = 1 

( Ext. = .125 in. ) 
( Ext. = .07 in. ) 

( Ext. = .8359375 in. sq. ) 

( Ext. = 2.4375 in. sq.) 
( Ext. = .4921875 in. sq. ) 

tr = 3.603331E-02 in. 
trn = 4.376751E-03 in. 

A = .4774414 in. sq. 

A1 = 3.594067 in. sq. 
A2 = .5800758 in. sq. 
A3 = 0 in. sq. 
A41 = 0 in. sq. 
A43 = 0 in. sq. 

= 0 in. sq. 
= 2.25 in. sq. 

AREA AVAIL. (Aa) = 6.424143 in. sq. ( Ext. = 5.179688 in. sq. ) 

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <=== 



ITEM NO. : V-2214 
NOZ. MK. : N2 

S/O NO. : 

—> N & C CONDITION < 

LIMITS : 

HORIZONTAL LIMIT = 6 1n. 
VERTICAL LIMIT = .9375 in. 

STRENGTH RED. FACTORS : 

fr (A2.A3 & A43) = .8571429 
fr (A41) = .8571429 
fr (A5 & A42) = 1 

tr = 3.600206E-02 in. 
trn = 4.335067E-03 in. 

A = .4731699 in. sq. 

A1 = 4.358545 in. sq. 
A2 = .7966043 in. sq. 
A3 = 0 in. sq. 
A41 = 0 in. sq. 
A43 = 0 in. sq. 

•

2 = 0 in. sq. 
= 2.25 in. sq. 

AREA AVAIL. (Aa) = 7.405149 in. sq. 

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <=== 
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File name & design pressures { # 1 ) 

File name = V2214N3 
Cust. name = FMC 
P.O. no. = 96096.088 
Item no. = V-2214 
S/o no. = 

Des. name = CS HSU 
Vess. name = NO.2 FURNACE 2ND PASS SLURRY POT 
Units (E/M) = E 
Mode desired (D/A) = A 

M.A.P. = 10/1.8 
M.A.W.P. = 10/1.8 
Des. temp. = 328 

- Vessel & nozzle material ( # 2 ) 

Vess. mat. = SA 516 70 
Allow, stress (n&c) = 17500 
Allow, stress (des.) = 17500 
Joint eff. (X) = 100 
Corr. allow. = .0625 

•

s. thk. = 0.375 
s. ID = 71.25 

Nozz. mk. = N3 
Nozz. mat. = SA 53 B 
Allow, stress (n&c) = 15000 
Allow, stress (des.) = 15000 
Joint eff. (X) = 100 

Corr. allow. = .0625 

- Nozzle location { # 3 ) 

Location (S/H/C) = H 
Head type (E/F/H/FL6) = F 

0.9 use (Y/N) 

Ins. crown rad. = 72 
Ins. kn. rad. =4.5 
Factor M use (Y/N) = Y 

Head rad. = 

Cone ID (se) = 
Cone heigth = 

t0 C°ne Sm = 
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Reinforcing type & material ( # 4 ) 

100% reinf. (Y/N) = N 
Tr (n&c) = 
Tr (des.) = 

Nozzle type (R/I) = R 

Pad mat. = SA 516 70 
Allow, stress (n&c) = 17500 
Allow, stress (des.) = 17500 

Bevel deg. 
Nut stop/relief (S/R) = 
Toler. @ nut stop = 
Tol. @ nut space = 

- Nozzle with reinforced pad ( # 5 ) 

Ins. proj. = 0 
Nozzle size =6 
Nozz. thk. =0.28 
Nozz. 0D = 6.625 
Nozz. sch. = 40 

# h pad (Y/N) = Y 
Pad thk. = 0.375 
Pad width = 3 

Weld thk. (outs.) = 
Weld thk. (ins.) = 
Weld thk. (pad) = 

- Self reinforced nozzle ( # 6 ) 

Ins. proj. = 
Nozzle size = 
Nozz. thk. = 
Nozz. 0D = 
Nozz. Rating/Sch. = 

Outs. proj. = 
Flange face (1/2/3) = 
Dim. a = 
Dim. b = 
Dim. c = 

Weld thk. (outs.) 
i t e l d  thk.(ins.) 
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Calculation reports ( # 7 ) 

Weld calc. (Y/N) = N 
Calc. report (Y/N) = Y 
N&C report (Y/N) = Y 
Resuls only (Y/N) = Y 
Ext. P calc. (Y/N) = Y 

Hill side (Y/N) = N 
Ctr-Ctr dim. = 

Per 1-7(b) (Y/N) = Y 

Des. ext. press. = 2.872E+07 
Shell length = 34.25 
Tr (ext.) (N&C) = .1875 

( # 8 ) 



PRESSURE VESSEL DESIGN PRO CORP. 
HOUSTON TX 

NOZZLE REINFORCEMENT 

CUSTOMER NAME : FMC 
P.O. NO. : 96096.088 
ITEM NO. : V-2214 S/0 NO. : 
DESIGNER NAME : CS HSU DATE : 08-13-1999 

PER A.S.M.E. SECT. VIII DIV. I (LATEST ADDENDA) 

> DESIGN DATA < 

NOZ. DESCR. : (N3) 6 in. OPENING IN 71.25 in. ID F & D HD 

MAP & MAWP : 10 psi. (N&C) 10 psi. (DES.) 

DES. TEMP. : 328 deg. F 

VESSEL : 

D HD MAT. : SA 516 70 
ALLOW. STRESS : 17500 psi. (N&C) 
THK : .375 in. (N&C) 
INS. CROWN RAD. : 72 in. (N&C) 
INS. KNUCKLE RAD. : 4.5 in. 
J.E. 8 JUNCTION : 100 (X) 

NOZZLE : 

NECK MAT. : SA 53 B 
ALLOW. STRESS : 15000 psi. (N&C) 
THK : .28 in. (N&C) 
OD : 6.625 in. (40) 
ID : 6.065 in. (N&C) 
J.E. 8 JUNCTION : 100 (X) 

WELD THK 8 NECK : 0 in. (OUTWARD) 

REINF. PAD : 

PAD : .375 in. THK X 3 in. WIDE W/ 0 in. THK WELD 8 PAD 
MAT. : SA 516 70 
ALLOW. STRESS : 17500 psi. (N&C) 17500 psi. (DES.) 

17500 psi. (DES.) 
.3125 in. (CORR.) 
72.0625 in. (CORR.) 
FACTOR M = 1.75 
C.A. = .0625 in. 

15000 psi. (DES.) 
.2175 in. (CORR.) 

6.19 in. (CORR.) 
C.A. = .0625 in. 



ITEM NO. : V-2214 S/O NO. 
NOZ. MK. : N3 

—> DESIGN CONDITION <— 

LIMITS : 

HORIZONTAL LIMIT = 2.8775 in 
VERTICAL LIMIT = .78125 in. 

STRENGTH RED. FACTORS : 

fr (A2.A3 & A43) = .8571429 
fr (A41) = .8571429 
fr (A5 & A42) = 1 

( Ext. = .125 in. ) 
( Ext. = 4.140625E-02 in. ) 

( Ext. = .3946429 in. sq. ) 

( Ext. = 1.148973 in. sq.) 
( Ext. = .2358399 in. sq. ) 

tr = 3.603331E-02 in. 
trn = 2.064159E-03 in. 

A = .2252854 in. sq. 

A1 = 1.694148 in. sq. 
A2 = .2885301 in. sq. 
A3 = 0 in. sq. 
A41 = 0 in. sq. 
A43 = 0 in. sq. 

^2 = 0 in. sq. 

2.158125 in. sq. 

AREA AVAIL. (Aa) = 4.140803 in. sq. ( Ext. = 3.542938 in. sq. ) 

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <=== 



ITEM NO. : V-2214 S/O NO. 
NOZ. MK. : N3 

—> N & C CONDITION <— 

LIMITS : 

HORIZONTAL LIMIT = 2.7525 in. 
VERTICAL LIMIT = .9375 in. 

STRENGTH RED. FACTORS : 

fr (A2,A3 & A43) = .8571429 
fr (A41) = .8571429 
fr (A5 & A42) = 1 

tr = 3.600206E-02 in. 
trn = 2.022476E-03 in. 

A = .2212327 in. sq. 

A1 = 2.028903 in. sq. 
A2 = .4467496 in. sq. 
A3 = 0 in. sq. 
A41 = 0 in. sq. 
A43 = 0 in. sq. 

•

2 = 0 in. sq. 

'» 2.064375 in. sq. 

AREA AVAIL. (Aa) = 4.540027 in. sq. 

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <=== 
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^^^File name & design pressures ( # 1 ) 

File name 
Cust. name 
P.O. no. 
Item no. 
S/o no. 
Des. name 
Vess. name 
Units (E/M) 
Mode desired (D/A) 

V2214N4 
FMC 
96096.086 
V-2214 

CS HSU 
NO.2 FURNACE 2ND PASS SLURRY POT 

E 
A 

M.A.P. 
M.A.W.P. 
Des. temp. 

=  1 0 / 1 . 8  
=  1 0 / 1 . 8  
= 328 

- Vessel & nozzle material ( # 2 ) 

Vess. mat. - SA 516 ; 

Allow, stress (n&c) = 17500 
Allow, stress (des.) = 17500 
Joint eff. (X) = 100 

Corr. allow. 
= .0625 

^^s. thk. = 0.375 

^>s. ID = 71.25 

Nozz. mk. = N4 

Nozz. mat. s  SA 53 B 
Allow, stress (n&c) = 15000 

Allow, stress (des.) = 15000 

Joint eff. (X) = 100 

Corr. allow. 
= .0625 

- Nozzle location ( # 3 ) 

Location (S/H/C) = S 
Head type (E/F/H/FLG) = 

0.9 use (Y/N) 

Ins. crown rad. = 

Ins. kn. rad. 
Factor M use (Y/N) = 

Head rad. 

Cone ID (se) 

Cone heigth 
^r. to cone sm. (le) = 
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Reinforcing type & material { # 4 ) 

100% reinf. (Y/N) = N 
Tr (n&c) = 
Tr (des.) = 

Nozzle type (R/I) = R 

Pad mat. = SA 516 70 
Allow, stress (n&c) = 17500 
Allow, stress (des.) = 17500 

Bevel deg. = 
Nut stop/relief (S/R) = 
Toler. @ nut stop = 
Tol. @ nut space = 

- Nozzle with reinforced pad ( # 5 ) 

Ins. proj. = 0 
Nozzle size =4 
Nozz. thk. = 0.237 
Nozz. 0D =4.5 
Nozz. sch. = 40 

# h pad (Y/N) = Y 
Pad thk. = 0.375 
Pad width =2.25 

Weld thk. (outs.) = 
Weld thk. (ins.) = 
Weld thk. (pad) = 

- Self reinforced nozzle ( # 6 ) 

Ins. proj. = 
Nozzle size = 
Nozz. thk. = 

Nozz. 0D 
Nozz. Rating/Sch. = 

Outs. proj. = 

Flange face (1/2/3) = 
Dim. a = 
Dim. b = 
Dim. c = 

Weld thk. (outs.) 
ileld thk. (ins.) 
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Calculation reports ( # 7 ) 

Weld calc. (Y/N) = N 
Calc. report (Y/N) = Y 
N&C report (Y/N) = Y 
Resuls only (Y/N) = Y 
Ext. P calc. (Y/N) = Y 

Hill side (Y/N) = N 
Ctr-Ctr dim. = 

Per 1-7(b) (Y/N) = Y 

Des. ext. press. = 2.872E+07 
Shell length = 34.25 
Tr (ext.) (N&C) = .1875 

( # 8 ) 



PRESSURE VESSEL DESIGN PRO CORP. 
HOUSTON TX 

NOZZLE REINFORCEMENT 

CUSTOMER NAME : FMC 
P.O. NO. : 96096.088 
ITEM NO. : V-2214 S/0 NO. : 
DESIGNER NAME : CS HSU DATE : 08-13-1999 

PER A.S.M.E. SECT. VIII DIV. I (LATEST ADDENDA) 

—> DESIGN DATA < 

NOZ. DESCR. : (N4) 4 in. OPENING IN 71.25 in. ID SHELL 

MAP & MAWP : 10 psi. (N&C) 10 psi. (DES.) 

DES. TEMP. : 328 deg. F 

VESSEL : 

•ELL MAT. : SA 516 70 
ALLOW. STRESS : 17500 psi. (N&C) 
THK : .375 in. (N&C) 
J.E. 0 JUNCTION : 100 (%) 

NOZZLE : 

NECK MAT. : SA 53 B 
ALLOW. STRESS : 15000 psi. (N&C) 
THK : .237 in. (N&C) 
OD : 4.5 in. (40) 
ID : 4.026 in. (N&C) 
J.E. @ JUNCTION : 100 (X) 

WELD THK @ NECK : 0 in. (OUTWARD) 

REINF. PAD : 

PAD : .375 in. THK X 2.25 in. WIDE W/ 0 in. THK WELD @ PAD 

MAT. : SA 516 70 
ALLOW. STRESS : 17500 psi. (N&C) 17500 psi. (DES.) 

17500 psi. (DES.) 
.3125 in. (CORR.) 
C.A. = .0625 in. 

15000 psi. (DES.) 
.1745 in. (CORR.) 

4.151 in. (CORR.) 
C.A. = .0625 in. 



ITEM NO. : V-2214 
NOZ. MK. : N4 

S/O NO. : 

> DESIGN CONDITION <— 

LIMITS : 

HORIZONTAL LIMIT = 1.901 in. 
VERTICAL LIMIT = .78125 in. 

STRENGTH RED. FACTORS : 

fr (A2.A3 & A43) = .8571429 
fr (A41) = .8571429 
fr (A5 & A42) = 1 

tr = 2.039985E-02 in. ( Ext. = .125 in. ) 
trn = 1.38422E-03 in. ( Ext. = .028125 in. ) 

A = 8.569685E-02 in. sq. ( Ext. = .2656696 in. sq. ) 

A1 = 1.197944 in. sq. ( Ext. = .7689643 in. sq.) 
A2 = .2318515 in. sq. ( Ext. = .1960379 in. sq. ) 
A3 = 0 in. sq. 
A41 = 0 in. sq. 
A43 = 0 in. sq. 

0= 0 in. sq. 
= 1.42575 in. sq. 

AREA AVAIL. (Aa) = 2.855546 in. sq. ( Ext. = 2.390752 in. sq. ) 

:> Aa »= A (OPENING IS ADEQUATELY REINFORCED.) <> 



ITEM NO. : V-2214 S/O NO. 
NOZ. MK. : N4 

—> N & C CONDITION <— 

LIMITS : 

HORIZONTAL LIMIT = 1.776 in. 
VERTICAL LIMIT = .9375 in. 

STRENGTH RED. FACTORS : 

fr (A2,A3 S. A43) = .8571429 
fr (A41) = .8571429 
fr (A5 & A42) = 1 

tr = 2.036412E-02 in. 
trn = 1.342537E-03 in. 

A = .0833649 in. sq. 

A1 = 1.40375 in. sq. 
A2 = .3787352 in. sq. 
A3 = 0 in. sq. 
A41 = 0 in. sq. 
A43 = 0 in. sq. 

•

= 0 in. sq. 

= 1.332 in. sq. 

AREA AVAIL. (Aa) = 3.114485 in. sq. 

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <=== 
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ile name & design pressures ( # 1 ) 

File name = V2214N5 
Cust. name = FMC 
P.O. no. = 96096.088 
Item no. = V-2214 
S/o no. = 
Des. name = CS HSU 
Vess. name = NO.2 FURNACE 2ND PASS SLURRY POT 
Units (E/M) = E 
Mode desired (D/A) = A 

M.A.P. = 10/1.8 
M.A.W.P. = 10/1.8 
Des. temp. = 328 

- Vessel & nozzle material ( # 2 ) 

Vess. mat. 
Allow, stress (n&c) 
Allow, stress (des.) 
Joint eff. (X) 
Corr. allow, 

s. thk. 
s. ID 

SA 516 70 
17500 
17500 
100 
.0625 
0.375 
71.25 

Nozz. mk. = N5 

Nozz. mat. = SA 53 B 
Allow, stress (n&c) = 15000 
Allow, stress (des.) = 15000 

Joint eff. (X) = 100 
Corr. allow. = .0625 

- Nozzle location ( # 3 ) 

Location (S/H/C) = S 
Head type (E/F/H/FLG) = 

0.9 use (Y/N) 

Ins. crown rad. = 

Ins. kn. rad. = 
Factor M use (Y/N) = 

Head rad. 

Cone ID (se) 
Cone heigth 
^r. to cone sm. (le) = 
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-Reinforcing type & material ( # 4 ) 

100X reinf. (Y/N) = N 
Tr (n&c) = 
Tr (des.) = 

Nozzle type (R/I) = R 

Pad mat. = SA 516 70 
Allow, stress (n&c) = 17500 
Allow, stress (des.) = 17500 

Bevel deg. = 
Nut stop/relief (S/R) = 
Toler. e nut stop « 
Tol. @ nut space = 

- Nozzle with reinforced pad ( # 5 ) 

Ins. proj. = 12 
Nozzle size =3 
Nozz. thk. = 0.216 
Nozz. 00 = 3.5 
Nozz. sch. = 40 

^pad (Y/N) = Y 
Pad thk. = 0.375 
Pad width = 2 

Weld thk. (outs.) = 
Weld thk. (ins.) = 
Weld thk. (pad) = 

- Self reinforced nozzle ( # 6 ) 

Ins. proj. = 

Nozzle size = 

Nozz. thk. 
Nozz. 00 
Nozz. Rating/Sch. = 

Outs. proj. = 

Flange face (1/2/3) = 
Dim. a = 
Dim. b = 
Dim. c = 

Weld thk. (outs.) = 

j^^thk. (ins.) 
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^"Calculation reports ( # 7 ) 

Weld calc. (Y/N) = N 
Calc. report (Y/N) = Y 
N&C report (Y/N) = Y 
Resuls only (Y/N) = Y 
Ext. P calc. (Y/N) = Y 

Hill side (Y/N) = N 
Ctr-Ctr dim. = 

Per l-7(b) (Y/N) = Y 

Des. ext. press. = 2.872E+07 
Shell length = 34.25 
Tr (ext.) (N&C) = .1875 

- ( # 8 ) 



PRESSURE VESSEL DESIGN PRO CORP. 
HOUSTON TX 

NOZZLE REINFORCEMENT 

CUSTOMER NAME : FMC 
P.O. NO. : 96096.088 
ITEM NO. : V-2214 S/0 NO. : 
DESIGNER NAME : CS HSU DATE : 08-13-1999 

PER A.S.M.E. SECT. VIII DIV. I (LATEST ADDENDA) 

—> DESIGN DATA < 

NOZ. DESCR. : (N5) 3 in. OPENING IN 71.25 in. ID SHELL 

MAP & MAWP : 10 psi. (N&C) 10 psi. (DES.) 

DES. TEMP. : 328 deg. F 

VESSEL : 

^^LL MAT. : SA 516 70 
ALLOW. STRESS : 17500 psi. (N&C) 
THK : .375 in. (N&C) 
J.E. @ JUNCTION : 100 (%) 

NOZZLE : 

NECK MAT. : SA 53 B 
ALLOW. STRESS : 15000 psi. (N&C) 
THK : .216 in. (N&C) 
OD : 3.5 in. (40) 
ID : 3.068 in. (N&C) 
J.E. @ JUNCTION : 100 (X) 

WELD THK @ NECK : 0 in. (OUTWARD) 

INS. PROJ. : 12 in. W/ 0 in. THK WELD (INWARD) 

REINF. PAD : 

PAD : .375 in. THK X 2 in. WIDE W/ 0 in. THK WELD @ PAD 

MAT. : SA 516 70 
ALLOW. STRESS : 17500 psi. (N&C) 17500 psi. (DES.) 

17500 psi. (DES.) 
.3125 in. (CORR.) 
C.A. = .0625 in. 

15000 psi. (DES.) 
.1535 in. (CORR.) 

3.193 in. (CORR.) 
C.A. = .0625 in. 



ITEM NO. : V-2214 S/O NO. 
NOZ. MIC. : N5 

—> DESIGN CONDITION <— 

LIMITS : 

HORIZONTAL LIMIT = 1.443 in. 
VERTICAL LIMIT = .75875 in. 

STRENGTH RED. FACTORS : 

fr (A2,A3 & A43) = .8571429 
fr (A41) = .8571429 
fr (A5 & A42) = 1 

tr = 2.039985E-02 in. 
trn = 1.064759E-03 in. 

A = .0660314 in. sq. 

A1 = .9198651 in. sq. 
A2 = .1982747 in. sq. 

A3 = 5.986501E-02 in. sq. 
A41 = 0 in. sq. 

A43 = 3.348214E-03 in. sq. 

AREA AVAIL. (Aa) = 2.263603 in. sq. ( Ext. = 1.890062 in. sq. ) 

( Ext. = .125 in. ) 
( Ext. = .035 in. ) 

( Ext. = .2050446 in. sq. ) 

( Ext. = .5904643 in. sq.) 
( Ext. = .1541347 in. sq. ) 

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <=== 



ITEM NO. : V-2214 S/O NO. : 
NOZ. MK. : N5 *5° 

m 
—> N & C CONDITION <— 

LIMITS : 

HORIZONTAL LIMIT - 1.318 in. 
VERTICAL LIMIT = .915 in. 

STRENGTH RED. FACTORS : 

fr (A2.A3 & A43) = .8571429 
fr (A41) = .8571429 
fr (AS & A42) = 1 

tr = 2.036412E-02 in. 
trn = 1.023076E-03 in. 

A = 6.373389E-02 in. sq. 

A1 = 1.066137 in. sq. 
A2 = .3372067 in. sq. 
A3 = .1999543 in. sq. 
A41 = 0 in. sq. 
A43 = 0 in. sq. 

.9885001 in. sq. 

AREA AVAIL. (Aa) = 2.591798 in. sq. 

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED. 
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12s r 
^Tile name & design pressures ( # 1 ) 

File name 
Cust. name 
P.O. no. 
Item no. 
S/o no. 
Des. name 
Vess. name 
Units (E/M) 
Mode desired (D/A) 

V2214N6 
FMC 
96096.088 
V-2214 

CS HSU 
NO.2 FURNACE 2ND PASS SLURRY POT 
E 
A 

M.A.P. = 10/1.8 
M.A.W.P. = 10/1.8 
Des. temp. = 328 

- Vessel & nozzle material ( # 2 ) 

Vess. mat. = SA 516 : 
Allow, stress (n&c) = 17500 
Allow, stress (des.) = 17500 
Joint eff. (X) = 100 
Corr. allow. = .0625 

thk. = 0.375 

^Pl. ID s 71.25 

Nozz. mk. = N6 
Nozz. mat. = SA 53 B 
Allow, stress (n&c) = 15000 
Allow, stress (des.) = 15000 
Joint eff. (X) = 100 
Corr. allow. = .0625 

- Nozzle location ( # : 1 ) 

Location (S/H/C) = S 
Head type (E/F/H/FLG) = 

0.9 use (Y/N) 

Ins. crown rad. = 
Ins. kn. rad. = 
Factor M use (Y/N) = 

Head rad. = 

Cone ID (se) = 
Cone heigth = 

to cone sm. (le) = 
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T 

Reinforcing type & material ( # 4 ) 

100X reinf. (Y/N) = N 
Tr (n&c) = 
Tr (des.) = 

Nozzle type (R/I) = R 

Pad mat. = 
Allow, stress (n&c) • 
Allow, stress (des.) = 

Bevel deg. = 

Nut stop/relief (S/R) « 
Toler. 8 nut stop = 
Tol. 8 nut space = 

- Nozzle with reinforced pad ( # 5 ) 

Ins. proj. = 0 
Nozzle size = 2 
Nozz. thk. = 0.218 
Nozz. OD = 2.375 
Nozz. sch. = 80 

A pad (Y/N) = N 

Pad thk. 
Pad width = 

Weld thk. (outs.) = 
Weld thk. (ins.) = 
Weld thk. (pad) = 

- Self reinforced nozzle ( # 6 ) 

Ins. proj. = 

Nozzle size = 
Nozz. thk. = 

Nozz. OD 
Nozz. Rating/Sch. = 

Outs. proj. = 

Flange face (1/2/3) = 
Dim. a = 
Dim. b = 

Dim. c 

Weld thk. (outs.) 
fteld thk.(ins.) 
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Calculation reports ( # 7 ) 

Weld calc. (Y/N) = N 
Calc. report (Y/N) = Y 
N&C report (Y/N) = Y 
Resuls only (Y/N) = Y 
Ext. P calc. (Y/N) = Y 

Hill side (Y/N) = N 
Ctr-Ctr dim. = 

Per 1-7(b) (Y/N) = Y 

Des. ext. press. = 2.872E+07 
Shell length = 34.25 
Tr (ext.) (N&C) = .1875 

( # 8 ) 



PRESSURE VESSEL DESIGN PRO CORP. 
HOUSTON TX 

NOZZLE REINFORCEMENT 

CUSTOMER NAME : FMC 
P.O. NO. : 96096.088 
ITEM NO. : V-Z214 S/0 NO. : 
DESIGNER NAME : CS HSU DATE : 08-13-1999 

PER A.S.M.E. SECT. VIII DIV. I (LATEST ADDENDA) 

—> DESIGN DATA < 

NOZ. DESCR. : (N6) 2 in. OPENING IN 71.25 in. ID SHELL 

MAP & MAWP : 10 psi. (N&C) 10 psi. (DES.) 

DES. TEMP. : 328 deg. F 

VESSEL : 

L MAT. : SA 516 70 
ALLOW. STRESS : 17500 psi. (N&C) 
THK : .375 in. (N&C) 
J.E. 0 JUNCTION : 100 (%) 

17500 psi. (DES.) 
.3125 in. (CORR.) 
C.A. = .0625 in. 

NOZZLE : 

NECK MAT. : SA 53 B 
ALLOW. STRESS : 15000 psi. (N&C) 
THK : .218 in. (N&C) 
OD : 2.375 in. (80) 
ID : 1.939 in. (N&C) 
J.E. @ JUNCTION : 100 (X) 

15000 psi. (DES.) 
.1555 in. (CORR.) 

2.064 in. (CORR.) 
C.A. = .0625 in. 

WELD THK @ NECK : 0 in. (OUTWARD) 

—> Reinforced calculations not required per code. 
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File name & design pressures ( # 1 ) 

File name = V2214N7 
Cust. name = FMC 
P.O. no. = 96096.088 
Item no. = V-2214 
S/o no. = 

Des. name = CS HSU 
Vess. name = NO.2 FURNACE 2ND PASS SLURRY POT 
Units (E/M) = E 
Mode desired (D/A) = A 

M.A.P. 
M.A.U.P. 
Oes. temp. 

=  1 0 / 1 . 8  

=  1 0 / 1 . 8  

= 328 

- Vessel & nozzle material ( # 2 ) 

Vess. mat. 
Allow, stress (n&c) 
Allow, stress (des.) 
Joint eff. (X) 
Corr. allow, 

thk. 
's. ID 

SA 516 70 
17500 
17500 
100 
.0625 
0.375 

71.25 

Nozz. mk. = N7 
Nozz. mat. = SA 53 B 
Allow, stress (n&c) = 15000 
Allow, stress- (des.) = 15000 
Joint eff. (X) = 100 
Corr. allow. = .0625 

- Nozzle location ( # 3 ) 

Location (S/H/C) = H 
Head type (E/F/H/FLG) = F 

0.9 use (Y/N) 

Ins. crown rad. = 72 
Ins. kn. rad. =4.5 
Factor M use (Y/N) = Y 

Head rad. = 

Cone ID (se) 
Cone heigth 

to cone sm. (le) 
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- Reinforcing type & material ( # 4 ) 

100% reinf. (Y/N) = N 
Tr (n&c) = 
Tr (des.) = 

Nozzle type (R/I) = R 

Pad mat. = SA 516 70 
Allow, stress (n&c) = 17500 
Allow, stress (des.) = 17500 

Bevel deg. = 
Nut stop/relief (S/R) = 
Toler. @ nut stop = 
Tol. @ nut space = 

- Nozzle with reinforced pad ( t 5 ) 

Ins. proj. = 0 
Nozzle size = 10 
Nozz. thk. = 0.365 
Nozz. 0D = 10.75 
Nozz. sch. = 40 

Ih pad (Y/N) = Y 
Pad thk. = 0.375 
Pad width = 3 

Weld thk. (outs.) = 
Weld thk. (ins.) = 
Weld thk. (pad) = 

- Self reinforced nozzle ( # 6 ) 

Ins. proj. = 

Nozzle size = 
Nozz. thk. = 
Nozz. 0D = 

Nozz. Rating/Sch. = 

Outs. proj. = 
Flange face (1/2/3) = 
Dim. a = 
Dim. b = 
Dim. c = 

Weld thk. (outs.) = 
thk.(ins.) = 
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- Calculation reports ( # 7 ) 

75 

Weld calc. (Y/N) = N 
Calc. report (Y/N) = Y 
N&C report (Y/N) = Y 
Resuls only (Y/N) = Y 
Ext. P calc. (Y/N) - Y 

Hill side (Y/N) = N 
Ctr-Ctr dim. = 

Per l-7(b) (Y/N) = Y 

Des. ext. press. = 2.872E+07 
Shell length = 34.25 
Tr (ext.) (N&C) = .1875 

- ( * 8 ) 



PRESSURE VESSEL DESIGN PRO CORP. 
HOUSTON TX 

NOZZLE REINFORCEMENT 

CUSTOMER NAME : FMC 
P.O. NO. : 96096.088 
ITEM NO. : V-2214 S/0 NO. : 
DESIGNER NAME : CS HSU DATE : 08-13-1999 

PER A.S.M.E. SECT. VIII DIV. I (LATEST ADDENDA) 

—> DESIGN DATA < 

NOZ. DESCR. : (N7) 10 in. OPENING IN 71.25 in. 10 F & D HO 

MAP & MAWP : 10 psi. (N8.C) 10 psi. (DES.) 

DES. TEMP. : 328 deg. F 

VESSEL : 

D HD MAT. : SA 516 70 
ALLOW. STRESS : 17500 psi. (N&C) 
THK : .375 in. (N&C) 
INS. CROWN RAD. : 72 in. (N&C) 
INS. KNUCKLE RAD. : 4.5 in. 
J.E. @ JUNCTION : 100 (%) 

NOZZLE : 

NECK MAT. : SA 53 B 
ALLOW. STRESS : 15000 psi. (N&C) 
THK : .365 in. (N&C) 
00 : 10.75 in. (40) 
ID : 10.02 in. (N&C) 
J.E. @ JUNCTION : 100 (%) 

WELD THK @ NECK : 0 in. (OUTWARD) 

REINF. PAD : 

PAD : .375 in. THK X 3 in. WIDE W/ 0 in. THK WELD @ PAD 
MAT. : SA 516 70 
ALLOW. STRESS : 17500 psi. (N&C) 17500 psi. (DES.) 

17500 psi. (DES.) 
.3125 in. (CORR.) 
72.0625 in. (CORR.) 
FACTOR M = 1.75 
C.A. = .0625 in. 

15000 psi. (DES.) 
.3025 in. (CORR.) 

10.145 in. (CORR.) 
C.A. = .0625 in. 



t? 
ITEM NO. : V-2214 S/O NO. : \CX 
NOZ. MK. : N7 

—> DESIGN CONDITION <— 

LIMITS : 

HORIZONTAL LIMIT = 4.770001 in. 
VERTICAL LIMIT = .78125 in. 

STRENGTH RED. FACTORS : 

fr (A2,A3 & A43) = .8571429 
fr (A41) = .8571429 
fr (A5 & A42) = 1 

tr = 3.603331E-02 in. 
trn = 3.38302E-03 in. 

( Ext. = .125 in. ) 
( Ext. = .0671875 in. ) 

( Ext. = .6448661 in. sq. ) 

( Ext. = 1.885982 in. sq.) 
( Ext. = .3151507 in. sq. ) 

A = .3686723 in. sq. 

A1 = 2.78086 in. sq. 
A2 = .4006031 in. sq. 
A3 = 0 in. sq. 
A41 = 0 in. sq. 
A43 = 0 in. sq. 

0 in. sq. 
2.25 in. sq. 

AREA AVAIL. (Aa) = 5.431463 in. sq. ( Ext. = 4.451133 in. sq. ) 

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <=== 



ITEM NO. : V-2214 
NOZ. MK. : N7 

S/O NO. 

—> N & C CONDITION <--

LIMITS : 

HORIZONTAL LIMIT = 4.645001 in. 
VERTICAL LIMIT = .9375 in. 

STRENGTH RED. FACTORS : 

fr (A2,A3 & A43) = .8571429 
fr (A41) = .8571429 
fr (A5 & A42) = 1 

tr = 3.600206E-02 in. 
trn = 3.341337E-03 in. 

A = .3644951 in. sq. 

A1 = 3.361407 in. sq. 
A2 = .5812371 in. sq. 
A3 = 0 in. sq. 
A41 = 0 in. sq. 
A43 = 0 in. sq. 

0 in. sq. 
2.25 in. sq. 

AREA AVAIL. (Aa) = 6.192644 in. sq. 

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <=== 
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- File name & design pressures ( # 1 ) 

File name = V2214N8 
Cust. name = FMC 
P.O. no. = 96096.088 
Item no. = V-2214 
S/o no. = 

Des. name = CS HSU 

Vess. name = NO.2 FURNACE 2ND PASS SLURRY POT 
Units (E/M) = E 
Mode desired (D/A) = A 

M.A.P. = 10/1.8 
M.A.W.P. = 10/1.8 
Des. temp. = 328 

- Vessel & nozzle material ( # 2 ) 

Vess. mat. = SA 516 70 
Allow. . stress (n&c) s 17500 
A11ow. . stress (des.) s 17500 
Joint eff. (%) = 100 
Corr. allow. = .0625 

m- thk. = 0.375 

P. ID = 71.25 

Nozz. mk. = N8 

Nozz. mat. = SA 53 B 

Allow . stress (n&c) = 15000 
A1 low . stress (des.) = 15000 

Joint eff. (X) 
o

 
o

 

II 

Corr. allow. = .0625 

- Nozzle location ( # 3 ) 

Location (S/H/C) = H 
Head type (E/F/H/FLG) = F 

0.9 use (Y/N) = 

Ins. crown rad. = 72 
Ins. kn. rad. =4.5 
Factor M use (Y/N) = Y 

Head rad. 

Cone ID (se) = 
Cone heigth = 

to cone sm. (le) = 
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100% reinf. (Y/N) = N 
Tr (n&c) = 
Tr (des.) = 

Nozzle type (R/I) » R 

Pad mat. = SA 516 70 
Allow, stress (n&c) = 17500 
Allow, stress (des.) = 17500 

Bevel deg. = 
Nut stop/relief (S/R) = 

Toler. 9 nut stop 
Tol. 0 nut space = 

- Nozzle with reinforced pad ( # 5 ) 

Ins. proj. = 0 

Nozzle size =4 
Nozz. thk. = 0.237 
Nozz. 0D =4.5 
Nozz. sch. = 40 

Ih pad (Y/N) = N 
Pad thk. = 
Pad width = 

Weld thk. (outs.) 
Weld thk. (ins.) = 
Weld thk. (pad) = 

- Self reinforced nozzle ( # 6 ) 

Ins. proj. = 
Nozzle size = 
Nozz. thk. = 
Nozz. 0D = 

Nozz. Rating/Sch. = 

Outs. proj. 
Flange face (1/2/3) = 
Dim. a = 
Dim. b = 
Dim. c = 

Weld thk. (outs.) 
teld thk.(ins.) 



±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±± 

Pressure Vessel Design Pro Corp 
Houston Tx 

±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±±± m Calculation reports ( # 7 ) 

Weld calc. (Y/N) = N 
Calc. report (Y/N) = Y 
N&C report (Y/N) = Y 
Resuls only (Y/N) = Y 
Ext. P calc. (Y/N) = Y 

Hill side (Y/N) = N 
Ctr-Ctr dim. = 

Per 1-7(b) (Y/N) = Y 

Des. ext. press. = 2.872E+07 
Shell length = 34.25 
Tr (ext.) (N&C) = .1875 

( # 8 ) 



PRESSURE VESSEL DESIGN PRO CORP. 
HOUSTON TX 

NOZZLE REINFORCEMENT 

CUSTOMER NAME : FMC 
P.O. NO. : 96096.088 
ITEM NO. : V-2214 S/0 NO. : 
DESIGNER NAME : CS HSU DATE : 08-13-1999 

PER A.S.M.E. SECT. VIII DIV. I {LATEST ADDENDA) 

—> DESIGN DATA < 

NOZ. DESCR. : (N8) 4 in. OPENING IN 71.25 in. ID F & D HD 

MAP & MAWP : 10 psi. (N&C) 

DES. TEMP. : 328 deg. F 

10 psi. (DES.) 

VESSEL 

D HD MAT. : SA 516 70 
ALLOW. STRESS : 17500 psi. (N&C) 
THK : .375 in. (N&C) 
INS. CROWN RAD. : 72 in. (N&C) 
INS. KNUCKLE RAD. : 4.5 in. 
J.E. @ JUNCTION : 100 (%) 

17500 psi. (DES.) 
.3125 in. (CORR.) 
72.0625 in. (CORR.) 
FACTOR M = 1.75 
C.A. = .0625 in. 

NOZZLE : 

NECK MAT. : SA 53 B 
ALLOW. STRESS : 15000 psi. (N&C) 
THK : .237 in. (N&C) 
OD : 4.5 in. (40) 
ID : 4.026 in. (N&C) 
J.E. 0 JUNCTION : 100 (%) 

15000 psi. (DES.) 
.1745 in. (CORR.) 

4.151 in. (CORR.) 
C.A. = .0625 in. 

WELD THK 0 NECK : 0 in. (OUTWARD) 



ITEM NO. : V-2214 S/O NO. : 
NOZ. MK. : N8 

—> DESIGN CONDITION <---

LIMITS : 

HORIZONTAL LIMIT = 1.901 in. 
VERTICAL LIMIT = .43625 in. 

STRENGTH RED. FACTORS : 

fr (A2,A3 & A43) = .8571429 
fr (A41) = .8571429 

tr = 3.603331E-02 in. 
trn = 1.38422E-03 in. 

A = .1513708 in. sq. 

A1 = 1.133829 in. sq. 
A2 = .1294659 in. sq. 
A3 = 0 in. sq. 
A41 = 0 in. sq. 
A43 = 0 in. sq. 

J^^WAIL. (AA) = A1 + A2 + A3 + A41 + A43 
= 1.133829 + .1294659 + 0 + 0 + 0 
= 1.263 2 9 5  i n .  s q .  (  E x t .  =  . 8 7 8 4 3 1 9  i n .  s q .  )  

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <=== 

( Ext. = .125 in. ) 
( Ext. = .028125 in. ) 

( Ext. = .2656696 in. sq. ) 

( Ext. = .7689643 in. sq.) 
( Ext. = .1094676 in. sq. ) 



ITEM NO. : V-2214 
NOZ. MK. : N8 

S/O NO. : 

—> N & C CONDITION <— 

LIMITS : 

HORIZONTAL LIMIT = 1.776 in. 
VERTICAL LIMIT = .5925 in. 

STRENGTH RED. FACTORS : 

fr (A2.A3 & A43) = .8571429 
fr (A41) « .8571429 

tr = 3.600206E-02 in. 
trn = 1.342537E-03 in. 

A = .1473822 in. sq. 

A1 = 1.341851 in. sq. 
A2 = .2393607 in. sq. 
A3 = 0 in. sq. 
A41 = 0 in. sq. 
A43 = 0 in. sq. 

AVAIL. (AA) = A1 + A2 + A3 + A41 + A43 
= 1.341851 + .2393607 + 0 + 0 + 0 
= 1.581211 in. sq. 

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <=== 



P r e s s u r e  V e s s e l  D e s i g n  P r o  C o r p .  
H o u s t o n  T x  

F i l e  n a m e  &  d e s i g n  p r e s s u r e s  (  #  1  )  

F i l e  n a m e  
C u s t .  n a m e  
P . O .  n o .  
I t e m  n o .  
S / o  n o  .  
D e s .  n a m e  
V e s s .  n a m e  
U n i t s  ( E / M )  

M o d e  d e s i r e d  ( D / A )  

V 2 2 1 4 M 1  
F M C  
9 6 0 9 6 . 0 8 8  
V - 2 2 1 4 

C S  H S U  
N O . 2  F U R N A C E  2 N D  P A S S  S L U R R Y  P O T  
E 
A 

M . A . P .  = 1 0 / 1 . 8  
M . A . W . P .  =  1 0 / 1  . 8  
D e s . t e m p .  = 3 2 8  

-  V e s s e l  &  n o z z l e  m a t e r i a l  (  #  2  )  

V e s s .  m a t .  =  S A  5 1 6  7 0  
A l l o w ,  s t r e s s  ( n & c )  =  1 7 5 0 0  
A l l o w ,  s t r e s s  ( d e s . )  =  1 7 5 0 0  
J o i n t  e f f .  ( X )  = 1 0 0  
C o r r .  a l l o w .  =  . 0 6 2 5  

k s . t h k .  = 0 . 3 7 5  
f s .  I D  = 7 1 . 2 5  

N o z z . m k .  =  M  1  
N o z z .  m a t .  =  S A  5 3  B  
A l l o w ,  s t r e s s  ( n & c )  =  1 5 0 0 0  
A l l o w ,  s t r e s s  ( d e s . )  =  1 5 0 0 0  
J o i n t  e f f .  ( X )  =  1 0 0  
C o r r .  a l l o w .  =  . 0 6 2 5  

-  N o z z l e  l o c a t i o n  (  #  3  )  

L o c a t i o n  ( S / H / C )  =  S  
H e a d  t y p e  ( E / F / H / F L G )  =  

0 . 9  u s e  ( Y / N )  =  

I n s .  c  r o w n  r a d .  =  
I n s . k n . r a d .  =  
F a c t o r  M  u s e  ( Y / N )  =  

H e a d  r a d .  

C o n e  I D  ( s e )  =  
C o n e  h e i g t h  =  

°  c o n e  



P r e s s u r e  V e s s e l  D e s i g n  P r o  C o r p .  
H o u s t o n  T x  

<\) 

R e i n f o r c i n g  t y p e  &  m a t e r i a l  (  #  4  )  

1 0  0 %  r e i n f .  ( Y / N )  = N  
T r ( n& c ) = 
T  r  (  d e s . )  =  

N o z z l e  t y p e  ( R / I )  =  R  

P a d m a t .  =  S *  5 1 6  7 0  
A l l o w ,  s t r e s s  ( n & c )  =  1 7 5 0 0  
A l l o w ,  s t r e s s  ( d e s . )  =  1 7 5 0 0  

B e v e l d e g .  =  
N u t  s t o p / r e l i e f  ( S / R )  =  
T o l e r .  3  n u t  s t o p  =  
T o l .  3  n u t  s p a c e  =  

-  N o z z l e  w i t h  r e i n f o r c e d  p a d  (  #  5  )  

I n s . p r o j .  = 0  
N o z z l e  s i z e  =  2 2  
N o z z .  t h k .  = 0 . 3 7 5  
N o z z .  O D  =  2 2  
N o z z . s c h .  =  S  T  D  

! h  p a d  ( Y / N )  =  N  
P a d  t h k .  =  
P a d w i d t h  =  

W e l d  t h k .  ( o u t s . )  =  
W e l d  t h k .  ( i n s . )  =  
W e l d  t h k .  ( p a d )  =  

-  S e l f  r e i n f o r c e d  n o z z l e  (  #  6  )  

I  n s  .  p r o  j .  =  
N o z z l e s i z e  =  
N o z z . t h k .  =  
N o z z. 00 = 

N o z z .  R a t i n g / S c h .  =  

O u t s . p r o j .  =  

F l a n g e  f a c e  ( 1 / 2 / 3 )  =  
D i m .  a  =  
D i m . b = 
D i m .  c  =  

U e l d  t h k .  ( o u t s . )  
d  t h k . ( i n s . )  



f 

'.T 
P r e s s u r e  V e s s e l  D e s i g n  P r o  C o r p  

H o u s t o n  T x  m 
a l c u l a t i o n  r e p o r t s  (  #  7  )  

W e l d  c a l c .  ( Y / N )  =  N  
C a l c .  r e p o r t  ( Y / N )  =  Y  
N & C  r e p o r t  ( Y / N )  =  Y  
R e s u l s  o n l y  ( Y / N )  =  Y  
E x t .  P  c a l c .  ( Y / N )  =  Y  

H i  I  I  s i d e  ( Y / N )  
C t r - C t r  d i m .  

= N 

P e r  1  -  7 ( b )  ( Y / N )  = Y 

D e s .  e x t .  p r e s s .  
S h e l l  l e n g t h  
T r  ( e x t . )  ( N & C )  

2 . 8 72 E + 0 7 
3 4  . 2 5  
. 1 875 

( # 8 ) 



PRESSURE VESSEL DESIGN PRO CORP. 
HOUSTON TX 

NOZZLE REINFORCEMENT 

CUSTOMER NAME : FMC 
P.O. NO. : 96096.088 
ITEM NO. : V-2214 S/0 NO. : 
DESIGNER NAME : CS HSU DATE : 08-13-1999 

PER A.S.M.E. SECT. VIII DIV. I (LATEST ADDENDA) 

—> DESIGN DATA < 

NOZ. DESCR. : (Ml) 22 in. OPENING IN 71.25 in. ID SHELL 

MAP & MAUP : 10 psi. (N&C) 

DES. TEMP. : 328 deg. F 

10 psi. (DES.) 

VESSEL : 

•f MAT. : SA 516 70 
ALLOW. STRESS : 17500 psi. (N&C) 17500 psi. (DES.) 
THK : .375 in. (N&C) .3125 in. (CORR.) 
J.E. @ JUNCTION : 100 (X) C.A. = .0625 in. 

NOZZLE : 

NECK MAT. : SA 53 B 
ALLOW. STRESS : 15000 psi. (N&C) 
THK : .375 in. (N&C) 
OD : 22 in. (STD) 
ID : 21.25 in. (N&C) 
J.E. @ JUNCTION : 100 (X) 

15000 psi. (DES.) 
.3125 in. (CORR.) 

21.375 in. (CORR.) 
C.A. = .0625 in. 

WELD THK @ NECK : 0 in. (OUTWARD) 



ITEM NO. : V-2214 S/O NO. 
NOZ. MK. : Ml 

¥ 
—> DESIGN CONDITION <— 

LIMITS : 

HORIZONTAL LIMIT = 10.375 1n. 
VERTICAL LIMIT = .78125 1n. 

STRENGTH RED. FACTORS : 

fr (A2,A3 & A43) = .8571429 
fr (A41) = .8571429 

tr = 2.039985E-02 in. 
t r n  =  7 . 1 2 7 8 5 1 E - 0 3  i n .  

A = .4378682 in. sq. 

A1 = 6.217561 in. sq. 
A2 = .4089806 in. sq. 
A3 = 0 in. sq. 
A41 = 0 in. sq. 
A43 = 0 in. sq. 

#VAIL. (AA) = A1 + A2 + A3 + A41 + A43 
= 6.217561 + .4089806 +0+0+0 
= 6.626541 in. sq. ( Ext. = 4.262277 in. sq. ) 

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <=== 

( Ext. = .125 in. ) 
( Ext. = .11 in. ) 

( Ext. = 1.347098 in. sq. ) 

{ Ext. = 3.991072 in. sq.) 
( Ext. = .2712054 in. sq. ) 



ITEM NO. : V-2214 S/O NO. : 
NOZ. MK. : Ml 

# —> N & C CONDITION <— 

LIMITS : 

HORIZONTAL LIMIT = 10.25 in. 
VERTICAL LIMIT = .9375 in. 

STRENGTH RED. FACTORS : 

fr (A2.A3 & A43) = .8571429 
fr (A41) = .8571429 

tr = 2.036412E-02 in. 
t r n  =  7 . 0 8 6 1 6 8 E - 0 3  i n .  

A = .4349195 in. sq. 

A1 = 7.498015 in. sq. 
A2 = .5912901 in. sq. 
A 3  =  0  i n .  s q .  
A41 = 0 in. sq. 
A43 = 0 in. sq. 

I AVAIL. (AA) - A1 + A2 + A3 + A41 + A43 
= 7.498015 + .5912901 +0+0+0 
= 8.089306 in. sq. 

===> Aa >= A (OPENING IS ADEQUATELY REINFORCED.) <=== 



LOCAL AM/U-Y*l£ 6AJ i) ^ 
1^^ 

Pressure Vessel Design Pro Corp 
Houston Tx 

€ f i e  n a m e  &  D e s i g n  p r e s s u r e s  (  #  1  )  

F i l e  n a m e  
Cust. name 
P.O. no. 
Item no. 
S/o no. 
Des. name 
Unit (E/H) 

= V2214AGT 
= FMC 

= 96096.088 
= V-2214 

= CS HSU 
= E 

HAP (n&c) = 10 
MAWP (des.) = 10 
Des. temp. = 328 

Attach, loc. (S/H) = S 

- Vess. material & Attachment dimensions ( # 2 ) 

Vess. mat. = SA 516 70 
Allow, stress (des.) = 17500 
Vess. thk./Pad thk. = 0.375/0.375 
Corr. allow. = 0.0625 
Shell ID or Head rad. = 71.25 

^^^ich. mark 
Attach, type (C/R) = C 
Attach. ID = 20.4632 
Attach. OD/Pad 00 = 21.2132/27.2132 
Rad. S nozz. interf. = 
Hollow or Solid (1/2) = 1 
Dim. Cl/Clp = 
Dim. Cc/Ccp = 

- Forces & Moments (Spherical) ( # 3 ) 

Radial load P 
Shear load V1 
Shear load V2 

Moment M1 
Moment M2 
Moment MT 

Factor Kn or 0 
Factor Kb or 0 
Factor Iv or 0 

it (S/P) 



Pressure Vessel Design Pro Corp. 
Houston Tx 

- Forces & Moments (Cylindrical) ( # 4 ) 

Radial load P = 
Shear load Vc = 
Shear load VI = 750 

Moment Ml = 22500 
Moment Mc = 
Moment MT = 

Factor Kn or 0 

O
 

II 

Factor Kb or 0 

o
 

II 

Factor Iv or 0 

o
 

II 

Output (S/P) = P 

- ( # 5 ) 



PRESSURE VESSEL DESIGN PRO CORP. 

HOUSTON TX 

COMPUTATION OF LOCAL STRESSES — 

CUSTOMER NAME : FMC 

P.O. NO. : 96096.088 

ITEM NO. : V-2214 S/0 NO. : 

DESIGNER NAME : CS HSU DATE : 08-16-1999 

— Stresses in Cylindrical Shell — 
(@ Attachment) 

Attachment Mk. : N1 

M.A.W.P. : 10 psi. 
Des. temp. : 328 deg. F 

Vessel 

•

ID. : 71.25 in. Cyl. mean rad. : 36.03125 in. (corr.) 
thk. : .75 in. ( .6875 in. (corr.)) 

Material : SA 516 70 
Allow, stress : 17500 psi. 

Attachment 

Shape : Cylindrical 
OD : 21.2132 in. Outs. rad. : 10.6066 in. 
Rad. @ nozz. interface : .375 in. 

Loads & Moments 

Radial load P : 0 lb. 
Shear load Vc : 0 lb. 
Shear load VI : 750 lb. 
Moment Mc : 0 in.-lb. 
Moment Ml : 22500 in.-lb. 
Moment Mt : 0 in.-lb. 

Stress coefficient factors 

Kn : 
Cla 
C3 : 

# 
1.759371 Kb : 1.470885 Iv : 1 

3.098061 Clb : 6.046403 C2a : 6.096363E-02 C2b : 1.839334E-02 
1.832772 C4 : 6.302309E-02 C5 : 4.152959 C6 : 1.602309E-02 

3.098061 Lib : 6.046403 L2a : 4.148067E-02 L2b : .035 
4.886038 L4 : 2.642248E-02 L5 : 2.034232 L6 : .025734 



Item no. :  V-2214 S/o no. 

trie parameters 

Gamma = Rm/T = 36.03125 / .6875 
= 52.40909 

A = ,875(Ro/Rm) = .875 ( 10.6066 / 36.03125 ) 
= .2575757 

Circumferential stresses : (@ Attachment) 

Membrane due to P (lcl) = Kn(Clx)(P/(Rm(T))) 
= 1.759371 ( Clx ) ( 0 / ( 36.03125 { .6875 ) ) ) 
= 0 psi. ( 0 psi. ) 

Bending due to P (Ic2) = Kb(C2x)(6(P)/(T"2)) 
= 1.470885 ( C2x ) ( 6 ( 0 ) / ( .6875 " 2 ) ) 
= 0 psi. ( 0 psi. ) 

Membrane due to Mc (Ic3) = Kn(C3)(Mc/((Rm"2) (A )(T))) 
= 1.759371 ( 1.832772 ) ( 0 / ( ( 36.03125 * 2 ) ( 

.2575757 ) ( .6875 ) ) ) 
= 0 psi. 

Bending due to Mc (fc4) = Kb(C4)(6(Mc)/((T"2)(Rm)(A))) 
= 1.470885 ( 6.302309E-02 ) ( 6 ( 0 ) / ( ( .6875 

•

) ( 36.03125 ) ( .2575757 ) ) ) 
= 0 psi. 

Membrane due to Ml (lc5) = Kn(C5)(Ml/((Rm*2)(A)(T))) 
= 1.759371 ( 4.152959 ) ( 22500 / ( ( 36.03125 " 2 ) ( 

.2575757 ) ( .6875 ) ) ) 
= 715 psi. 

Bending due to Ml (lc6) = Kb(C6)(6(M1)/((T*2)(Rm)( A) ) )  
= 1.470885 ( 1.602309E-02 ) ( 6 ( 22500 ) / ( ( .6875 

* 2 ) ( 36.03125 ) ( .2575757 ) ) ) 
= 725 psi. 

Press, stress (lc7) = Dp(Rm)(Iv)/(T) 
= 10 { 36.03125 ) ( 1 ) / ( .6875 ) 
= 524 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-ac 1 0 0 0 0 0 0 0 0 

-ac 2 0 0 0 0 0 0 0 0 

-ac 3 0 0 0 0 0 0 0 0 

-ac 4 0 0 0 0 0 0 0 0 

-ac 5 -715 -715 715 715 0 0 0 0 

-ac 6 -725 725 725 -725 0 0 0 0 

-1440 10 1440 -10 0 0 0 0 

524 524 524 524 524 524 524 524 

•act -916 534 1964 514 524 524 524 524 

J 



Item no. :  V-2214 S/o no. 7*7 

^|^xnetric parameters 

Gamma = 52.40909 

B = .2575757 

Longitudinal stresses : (9 Attachment) 

Membrane due to P <ffl1) = Kn(Hx)(P/(Rm(T))) 
= 1.759371 < L1x ) ( 0 / ( 36.03125 ( .6875 ) ) ) 
= 0 psi. ( 0 psi. ) 

Bending due to P (ffl2) = Kb(L2x)(6(P)/(T_2)) 
= 1.470885 ( L2x ) ( 6 ( 0 ) / ( .6875 * 2 ) ) 
= 0 psi. ( 0 psi. ) 

Membrane due to Mc <ffl3> = Kn(L3)(Mc/((Rm'2)(B)(T))) 
= 1.759371 ( 4.886038 ) ( 0 / ( ( 36.03125 - 2 ) ( 

.2575757 ) ( .6875 ) ) ) 
= 0 psi. 

Bending due to Mc <ol4> = Kb(L4)(6(Mc)/((T*2)(Rm)(B))) 
= 1.470885 ( 2.642248E-02 ) ( 6 ( 0 ) / ( ( .6875 

" 2 ) ( 36.03125 ) ( .2575757 ) ) ) 
= 0 psi. 

•  rane due to Ml (ffl5) = Kn<L5)(Ml/<(Rm*2)(B)(T))) 
= 1.759371 ( 2.034232 ) ( 22500 / ( ( 36.03125 * 2 ) ( 

.2575757 ) ( .6875 ) ) ) 
= 350 psi. 

Bending due to Ml (ffl6) = Kb(L6)(6(Ml)/((T*2)(Rm)(B))) 
= 1.470885 ( .025734 ) ( 6 ( 22500 ) / ( ( .6875 * 2 ) ( 

36.03125 ) ( .2575757 ) ) ) 
= 1165 psi. 

Press, stress (ol7) = Dp(Rm)(Iv)/(2(T)) 
= 10 ( 36.03125 ) ( 1 ) / ( 2 ( .6875 ) ) 
= 262 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-ffl 1 0 0 0 
-ffl 2 0 0 0 
-ffl 3 0 0 0 
-ol 4 0 0 0 
-al 5 -350 -350 350 
-ffl 6 -1165 1165 1165 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
350 0 0 0 0 

-1165 0 0 0 0 

-ffl -1515 815 1515 -815 0 0 0 0 
-ffp 262 262 262 262 262 262 262 262 

^^t -1253 1077 1777 -553 262 262 262 262 



Item no. :  V-2214 S/o no. 

ar stresses : (3 Attachment) 

Shear due to VI (os1) = Vl/(3.1416(Ro)(T)) 
= 750 / ( 3.1416 ( 10.6066 ) < .6875 ) ) 
= 33 psi. 

Shear due to Vc (os2) = Vc/(3.1416(Ro)(T)) 
= 0 / ( 3.1416 ( 10.6066 ) ( .6875 ) ) 
= 0 psi. 

Shear due to Ht (os3) = Mt/(3.1416(Ro*2)(2)(T)) 
= 0 / ( 3.1416 ( 10.6066 * 2 ) ( 2 ) ( .6875 ) ) 
= 0 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-os 1 
-os 2 
-os 3 

-33 
0 
0 

-33 
0 
0 

33 
0 
0 

33 
0 
0 

-ost 0 
tt 
Combined stress intensity 

-33 -33 33 33 

# hen ost = 0 

o (comb.) = The larger of 

1) oct 
2) olt 
3) olt - oct 

- When ost <> 0 

o (comb.) = The larger of : 
1) 0.5lolt+oct+Sqr.((olt-oct)'2+4(ost'2))] 
2) 0.5lolt+oct-Sqr.((olt-oct)'2+4(ost"2))] 
3) Sqr.((olt-oct)"2+4(ost"2))) 

Stresses Au Al Bu Bl Cu CI 

os (confc.) -1254 1077 1964 -1068 528 528 528 528 

tt 



PRESSURE VESSEL DESIGN PRO CORP. 

HOUSTON TX 

— COMPUTATION OF LOCAL STRESSES — 

CUSTOMER NAME : FMC 

P.O. NO. : 96096.088 

ITEM NO. : V-2214 S/0 NO. : 

DESIGNER NAME : CS HSU DATE : 08-16-1999 

— Stresses in Cylindrical Shell — 
(@ Pad outer edge) 

Attachment Mk. : N1 

M.A.W.P. : 10 psi. 
Des. temp. : 328 deg. F 

Vessel 

•

. ID. : 71.25 in. Cyl. mean rad. : 35.84375 in. (corr.) 

. thk. : .375 in. ( .3125 in. (corr.)) 
Material : SA 516 70 
Allow, stress : 17500 psi. 

Attachment 

Shape : Cylindrical 
OD : 27.2132 in. Outs. rad. : 13.6066 in. 
Rad. @ nozz. interface : .375 in. 

Loads & Moments 

Radial load P : 0 lb. 
Shear load Vc : 0 lb. 
Shear load VI : 750 lb. 
Moment Mc : 0 in.-lb. 

Moment Ml : 22500 in.-lb. 
Moment Mt : 0 in.-lb. 

Stress coefficient factors 

Kn : 
Cla 
C3 : 

# 
1.454862 

: 2.279193 
2.235146 

: 2.279193 
9.693491 

Kb : 1.250597 
Clb : 7.643965 

C4 : 5.166394E-02 
Lib : 7.643965 
L4 : 1.966393E-02 

Iv : 1 
C2a : .06147 C2b 
C5 : 4.28363 C6 : 
L2a : 1.489799E-02 L2b 
L5 : 2.330939 L6 : 

: 5.083483E-03 

6.157282E-03 
: .041412 
1.17 6885E-02 



Item no. :  V-2214 S/o no. 

trie parameters 

Ganma = Rm/T = 35.84375 / .3125 
= 114.7 

A = ,875(Ro/Rm) = .875 ( 13.6066 / 35.84375 ) 
= .3321576 

Circumferential stresses : (0 Pad outer edge) 

Membrane due to P (Icl) = Kn(Clx)(P/(Rm(T))) 
= 1.454862 ( Clx ) ( 0 / ( 35.84375 ( .3125 ) ) ) 
= 0 psi. ( 0 psi. ) 

Bending due to P (lc2) = Kb(C2x)(6(P)/(T*2)) 
= 1.250597 { C2x ) ( 6 ( 0 ) / ( .3125 " 2 ) ) 
= 0 psi. ( 0 psi. ) 

Membrane due to Mc (tc3) = Kn(C3)(Mc/((Rm*2)(S)(T))) 
= 1.454862 ( 2.235146 ) { 0 / ( ( 35.84375 * 2 ) ( 

.3321576 ) ( .3125 ) ) ) 
= 0 psi. 

Bending due to Mc (tc4) = Kb(C4)(6(Mc)/((T~2)(Rm) (A) ) )  
= 1.250597 ( 5.166394E-02 ) ( 6 ( 0 ) / ( ( .3125 

•
) ( 35.84375 ) ( .3321576 ) ) ) 

= 0 psi. 

Membrane due to Ml (tc5) = Kn(C5)(Ml/((Rm~2)(A)(T))) 
= 1.454862 ( 4.28363 ) ( 22500 / ( ( 35.84375 " 2 ) ( 

.3321576 ) ( .3125 ) ) ) 
= 1051 psi. 

Bending due to Ml (Ic6) = Kb(C6)(6(M1)/((T*2)(Rm)( A) ) )  
= 1.250597 ( 6.157282E-03 ) ( 6 ( 22500 ) / ( ( .3125 

* 2 ) ( 35.84375 ) ( .3321576 ) ) ) 
= 894 psi. 

Press, stress (Ic7) = Dp(Rm)(Iv)/(T) 
= 10 ( 35.84375 ) ( 1 ) / ( .3125 ) 
= 1147 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-<7C 1 0 0 0 0 0 0 0 0 

-ac 2 0 0 0 0 0 0 0 0 

-ac 3 0 0 0 0 0 0 0 0 

-<rc 4 0 0 0 0 0 0 0 0 

-ac 5 -1051 -1051 1051 1051 0 0 0 0 

-ac 6 -894 894 894 -894 0 0 0 0 

-1945 -157 1945 157 0 0 0 0 

9 1147 1147 1147 1147 1147 1147 1147 1147 

-act -798 990 3092 1304 1147 1147 1147 1147 

t 



Item no. :  V-2214 S/o no. 

^^^metric parameters 

Gamma = 114.7 -

B = .3321576 

Longitudinal stresses : (3 Pad outer edge) 

Membrane due to P (oil) = Kn(L1x)(P/(Rm(T))) 
= 1.454862 ( Llx ) ( 0 / ( 35.84375 C .3125 ) ) ) 
= 0 psi. ( 0 psi. ) 

Bending due to P (al2) = Kb(L2x)(6(P)/(T"2)) 
= 1.250597 ( L2x ) ( 6 ( 0 ) / ( .3125 * 2 ) ) 
= 0 psi. ( 0 psi. ) 

Membrane due to Mc (ol3) = Kn(L3)(Mc/((Rm'2)(B)(T))) 
= 1.454862 ( 9.693491 ) ( 0 / ( ( 35.84375 * 2 ) ( 

.3321576 ) ( .3125 ) ) ) 
= 0 psi. 

Bending due to Mc (<rl4) = Kb(L4)(6(Mc)/((T*2)(Rm)(B))) 
= 1.250597 ( 1.966393E-02 ) ( 6 ( 0 ) / { ( .3125 

* 2 ) ( 35.84375 ) ( .3321576 ) ) ) 
= 0 psi. 

embrane due to Ml (<xl5) = Kn(L5)(Ml/((Rm"2)(B)(T))) 
= 1.454862 ( 2.330939 ) ( 22500 / ( ( 35.84375 " 2 ) ( 

.3321576 ) ( .3125 ) ) ) 
= 572 psi. 

Bending due to Ml (ffl6) = Kb(L6)(6(Ml)/((T*2)(Rm)(B))) 
= 1.250597 ( 1.176885E-02 ) ( 6 < 22500 ) / ( ( .3125 

" 2 ) ( 35.84375 ) ( .3321576 ) ) ) 
= 1709 psi. 

Press, stress (ol7) = Dp(Rm)(Iv)/(2(T)> 
= 10 ( 35.84375 ) ( 1 ) / ( 2 ( .3125 ) ) 

= 574 psi. 
Stresses Au Al Bu Bl Cu CI Du Dl 

-at 1 0 0 0 
-al 2 0 0 0 
-al 3 0 0 0 
-al 4 0 0 0 
-ol 5 -572 -572 572 
-ol 6 -1709 1709 1709 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

572 0 0 0 0 
-1709 0 0 0 0 

-al -2281 1137 2281 -1137 0000 
-op 574 574 574 574 574 574 574 574 

^^t -1707 1711 2855 -563 574 574 574 574 



Item no. :  V-2214 S/o no. 

^^ar stresses : (9 Pad outer edge) 

Shear due to VI (os1> = Vl/(3.1416(Ro)(T)) 
= 750 / ( 3.1416 ( 13.6066 ) ( .3125 ) ) 
= 56 psi. 

Shear due to Vc (os2) = Vc/(3.1416(Ro)(T)) 
= 0 / ( 3.1416 ( 13.6066 ) ( .3125 ) ) 
= 0 psi. 

Shear due to Mt (os3> = Mt/(3.1416(Ro'2)(2)(T)) 
= 0 / ( 3.1416 ( 13.6066 * 2 ) ( 2 ) ( .3125 ) ) 
= 0 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-os 1 0 0 0 0 -56 -56 56 56 
-os 2 0 0 0 0 0 0 0 0 
-os 3 0 0 0 0 0 0 0 0 

-ost 0 0 0 0 -56 -56 56 56 

It 
Combined stress intensity : 

en ost = 0 

o (comb.) = The larger of 

1) oct 
2) olt 
3) olt - oct 

- Uhen ost <> 0 

o (comb.) = The larger of : 
1) 0.5lolt+oct+Sqr.((olt-oct)"2+4(ost"2))] 
2) 0.5[olt+oct-Sqr.((olt-oct)*2+4(ost'2))J 
3) Sqr.((olt-oct)"2+4(ost"2))) 

Stresses Au Al Bu Bl Cu CI Du Dl 

-os (confc.) -1708 1711 3092 -1868 1152 1152 1152 1152 

11 



LOCAL STR£4^> AL/ALY4'S CM 7) 

Pressure Vessel Design Pro Corp. 

Houston Tx 

S3 

- File name & Design pressures ( # 1 ) 

File name = V2214DRN 
Cust. name = FMC 
P.O. no. = 96096.088 
Item no. = V-2214 
S/o no. = 
Des. name = CS HSU 
Unit (E/M) = E 

MAP (n&c) = 10 
MAWP (des.) = 10 
Des. temp. = 328 

Attach, loc. (S/H) = H 

- Vess. material & Attachment dimensions ( # 2 ) 

Vess. mat. = SA 516 70 
Allow, stress (des.) = 17500 
Vess. thk./Pad thk. = 0.375/0.375 
Corr. allow. = 0.0625 

^Shell ID or Head rad. = 71.25 

^l^ach. mark 
Attach, type (C/R) = C 
Attach. ID = 10.02 
Attach. OO/Pad 00 = 10.75/16.75 
Rad. S nozz. interf. = 
Hollow or Solid (1/2) = 1 
Dim. Cl/Clp = 
Dim. Cc/Ccp = 

- Forces & Moments (Spherical) ( # 3 ) 

Radial load P = 2200 
Shear load V1 = 
Shear load V2 = 

Moment M1 = 13800 
Moment M2 = 
Moment MT = 

Factor Kn or 0 =0 
Factor Kb or 0 =0 
Factor Iv or 0 =0 

^^put (S/P) 



Pressure Vessel Design Pro Corp. 
Houston Tx 

^l^orces & Moments (Cylindrical) ( # 4 ) 

Radial load P 
Shear load Vc 
Shear load VI 

Moment Ml 
Moment Mc 
Moment MT 

Factor Kn or 0 
Factor Kb or 0 
Factor Iv or 0 

Output (S/P) 

- ( # 5 ) 

= 460 

= 460 

= 22500 

= 0 
= 0 
= 0 

= P 



PRESSURE VESSEL DESIGN PRO CORP. 

HOUSTON TX 

— COMPUTATION OF LOCAL STRESSES — 

CUSTOMER NAME : FMC 

P.O. NO. : 96096.088 

ITEM NO. : V-2214 S/0 NO. : 

DESIGNER NAME : CS HSU DATE : 08-16-1999 

— Stresses in Spherical head — 
(@ Attachment) 

Attachment Mk. : N7 

M.A.W.P. : 10 psi. 
Des. temp. : 328 deg. F 

Vessel 

•

d rad. : 71.25 in. Head mean rad. : 71.65625 in. (com.) 
d thk. : .75 in. ( .6875 in. (com.)) 

Material : SA 516 70 
Allow, stress : 17500 psi. 

Attachment 

Shape : Cylindrical 
OD : 10.75 in. Outs. rad. : 5.375 in. 
Rad. @ nozz. interface : .375 in. 

Loads & Moments 

Radial load P 
Shear load VI 
Shear load V2 
Moment Ml 
Moment M2 
Moment Mt 

2200 lb. 
0 lb. 
0 lb. 
13800 in.-lb. 
0 in.-lb. 
0 in.-lb. 

Stress coefficient factors 

Kn : 1.759371 
R1 : 3.483746E-02 

T1 : .1369678 

Kb : 1.470885 Iv 

R2 : 3.141853E-02 R3 
T2 : 2.107777E-02 T3 

1 
.0517756 

.1378333 

R4 

T4 

6.392491E-02 

4.789065E-02 



Item no. :  V-2214 S/o no. 

^^^metric parameters 

U - Ro/(Sqr.(Rm(T))) 
= 5.375 / ( Sqr. ( 71.65625 ( .6875 ) ) ) = .7657995 

Tx = rm/t = 5.22375 / .3024998 = 17.26861 

p = T/t = .6875 / .3024998 = 2.272729 

Radial stresses : (@ Attachment) 

Membrane due to P (trl) = Kn(Rl)(P/(T2)) 
= 1.759371 ( 3.483746E-02 ) ( 2200 / ( .6875 " 2 ) ) 
= 285 psi. 

Bending due to P (lr2) = Kb(R2)(6(P)/(T 2)) 
= 1.470885 ( 3.141853E-02 ) ( 6 ( 2200 ) / ( .6875 

* 2 ) ) 
= 1291 psi. 

Membrane due to Ml (Ir3) = Kn(R3)(Ml/((T"2)(Sqr.(Rm(T))))) 
= 1.759371 ( .0517756 ) ( 13800 / ( ( .6875 

" 2 ) ( Sqr. ( 71.65625 ( .6875 ) ) ) ) ) 
= 379 psi. 

•

ding due to Ml (lr4) = Kb(R4)(6(M1)/((T~2)(Sqr. (Rm(T)))) 
= 1.470885 ( 6.392491E-02 ) ( 6 ( 13800 ) / ( ( .6875 

* 2 ) ( Sqr. ( 71.65625 ( .6875 ) ) ) ) 
= 2347 psi. 

Membrane due to M2 (Ir5) = Kn(R3)(M2/((T 2)(Sqr.(Rm(T))))) 
= 1.759371 ( .0517756 ) ( 0 / ( ( .6875 * 2 ) ( Sqr. ( 

71.65625 ( .6875 ) ) ) ) ) 
= 0 psi. 

Bending due to M2 (lr6) = Kb(R4)(6(M2)/((T~2)(Sqr.(Rm(T)))) 
= 1.470885 ( 6.392491E-02 ) ( 6 ( 0 ) / ( ( .6875 

" 2 ) ( Sqr. ( 71.65625 ( .6875 ) ) ) ) 
= 0 psi. 

Press, stress (lr7) = Dp(Rm)(Iv)/(2(T)) 
= 10 ( 71.65625 ) ( 1 ) / ( 2 ( .6875 ) ) 
= 521 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-or 1 -285 -285 -285 -285 -285 -285 -285 -285 

-or 2 -1291 1291 -1291 1291 -1291 1291 -1291 1291 

-or 3 0 0 0 0 -379 -379 379 379 

-or 4 0 0 0 0 -2347 2347 2347 -2347 

-or 5 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

-1576 1006 -1576 1006 -4302 2974 1150 -962 

-op 521 521 521 521 521 521 521 521 

-art -1055 1527 -1055 1527 -3781 3495 1671 -441 



Item no. :  V-2214 S/o no. :  Vaftfi 8>1 

%T. trie parameters 

U = .7657995 
Tx = 17.26861 
p = 2.272729 

Tangential stresses : (9 Attachment) 

Membrane due to P (at1) = Kn(T1)<P/(T*2)) 
= 1.759371 ( .1369678 ) ( 2200 / ( .6875 " 2 ) ) 
= 1122 psi. 

Bending due to P <ert2) = Kb(T2)(6(P)/(T"2)) 

= 1.470885 ( 2.107777E-02 ) ( 6 ( 2200 ) / ( .6875 
" 2 ) ) 

= 866 psi. 

Membrane due to M1 (at3) = Kn(T3)(M1/((T"2)(Sqr.(Rm(T))))) 

= 1.759371 ( .1378333 ) ( 13800 / ( ( .6875 
* 2 ) ( Sqr. ( 71.65625 ( .6875 ) ) ) ) ) 

= 1009 psi. 

Bending due to M1 <(7t4) = Kb(T4)(6(M1)/((T_2)(Sqr.(Rm(T)))) 

= 1.470885 ( 4.789065E-02 ) ( 6 ( 13800 ) / ( ( .6875 
• 2 ) ( Sqr. ( 71.65625 < .6875 ) ) ) ) 

= 1758 psi. 

Membrane due to M2 (at5) = Kn(T3)(M2/((T"2)(Sqr.(Rm(T))))) 

= 1.759371 ( .1378333 ) ( 0 / ( ( .6875 " 2 ) ( Sqr. ( 
71.65625 ( .6875 ) ) ) ) ) 

= 0 psi. 

Bending due to M2 (ot6) = Kb(T4)(6(M2)/((T*2)(Sqr.(Rm(T)))) 
= 1.470885 ( 4.789065E-02 ) ( 6 ( 0 ) / ( ( .6875 

* 2 ) ( Sqr. ( 71.65625 ( .6875 ) ) ) ) 
= 0 psi. 

r 

Press, stress (at7) = Dp(Rm)(Iv)/(2(T)> 

= 10 ( 71.65625 ) ( 1 ) / ( 2 ( .6875 ) ) 
= 521 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-at 1 -1122 -1122 -1122 -1122 -1122 -1122 -1122 -1122 
-at 2 -866 866 -866 866 -866 866 -866 866 
-at 3 0 0 0 0 -1009 -1009 1009 1009 
-at 4 0 0 0 0 -1758 1758 1758 -1758 
-at 5 0 0 0 0 0 0 0 0 
-at 6 0 0 0 0 0 0 0 0 

-at -1988 -256 -1988 -256 -4755 493 779 -1005 
521 521 521 521 521 521 521 521 

M -1467 265 -1467 265 -4234 1014 1300 -484 



Item no. :  V-2214 S/o no. :  

lar stresses : (S Attachment) 

Shear due to V1 (asl) = V1/(3.1416(Ro)(T)) 
= 0 / ( 3.1416 ( 5.375 ) ( .6875 ) ) 
= 0 psi. 

Shear due to V2 (as2) = V2/(3.1416(Ro)(T)> 
= 0 / ( 3.1416 ( 5.375 ) ( .6875 ) ) 
= 0 psi. 

Shear due to Mt (as3) = Mt/(3.1416(Ro"2)(2)(T)) 
= 0 / ( 3.1416 ( 5.375 * 2 ) ( 2 ) ( .6875 ) ) 
= 0 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-as 1 000 
-as 2 0 0 0 
-as 3 000 

-ast 000 

It 
Combined stress intensity : (3 Attachment) 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 

en ast = 0 

a (comb.) = The larger of : 

1) art 
2) att 
3) art - att 

- When ast <> 0 

a (comb.) = The larger of : 
1) 0.5[art+att+Sqr.((art-att)"2+4(ast"2))] 
2) 0.5[art+att-Sqr.((art-att)*2+4(ast"2))3 
3) Sqr.((act-att)'2+4(ast'2))) 

Stresses Au AI Bu Bl Cu 

-as (comb.) -1468 1527 -1468 1527 -4235 3495 



PRESSURE VESSEL DESIGN PRO CORP. 

HOUSTON TX 

— COMPUTATION OF LOCAL STRESSES — 

CUSTOMER NAME : FMC 

P.O. NO. : 96096.088 

ITEM NO. : V-2214 S/0 NO. : 

DESIGNER NAME : CS HSU DATE : 08-16-1999 

— Stresses in Spherical head — 
(@ Pad outer edge) 

Attachment Mk. : N7 

M.A.W.P. : 10 psi. 
Des. temp. : 328 deg. F 

Vessel 

•

d rad. : 71.25 in. Head mean rad. : 71.46875 in. (corr.) 
d thk. : .375 in. ( .3125 in. (corr.)) 

Material : SA 516 70 
Allow, stress : 17500 psi. 

Attachment 

Shape : Cylindrical 
OD : 16.75 in. Outs. rad. : 8.375 in. 
Rad. @ nozz. interface : .375 in. 

Loads & Moments 

Radial load P 
Shear load VI 
Shear load V2 
Moment Ml 
Moment M2 
Moment Mt 

2200 lb. 
0 lb. 
0 lb. 
13800 in.-lb. 
0 in.-lb. 
0 in.-lb. 

Stress coefficient factors 

Kn : 1.454862 Kb : 1.250597 Iv 
R1 : 2.209713E-02 R2 : 1.626684E-02 R3 
T1 : .025 T2 : 5.727186E-03 T3 

1 
1.872819E-02 R4 : 2.188655E-02 
.018 T4 : 6.718464E-03 



Item no. :  V-2214 S/o no. :  

#! trie parameters 

U = Ro/(Sqr.(Rm(T))) 
= 8.375 / ( Sqr. ( 71.46875 ( .3125 ) ) ) = 1.772155 

Tx = rm/t = 6.72375 / 3.3025 = 2.035958 

p = T/t = .3125 / 3.3025 = 9.462529E-02 

Radial stresses : (@ Pad outer edge) 

Membrane due to P (Irl) = Kn(Rl)(P/(T"2)) 
= 1.454862 ( 2.209713E-02 ) ( 2200 / ( .3125 " 2 ) ) 
= 724 psi. 

Bending due to P (lr2) = Kb(R2)(6(P)/(T 2)) 
= 1.250597 ( 1.626684E-02 ) ( 6 ( 2200 ) / ( .3125 

* 2 ) ) 

= 2750 psi. 

Membrane due to Ml (lr3) = Kn(R3)(Ml/((T*2)(Sqr.(Rm(T))))) 
= 1.454862 ( 1.872819E-02 ) ( 13800 / ( ( .3125 

* 2 ) ( Sqr. ( 71.46875 ( .3125 ) ) ) ) ) 
= 815 psi. 

•

ing due to Ml (Ir4) = Kb(R4) (6(Ml)/((T~2) (Sqr. (Rm(T)))) 
= 1.250597 ( 2.188655E-02 ) ( 6 ( 13800 ) / ( ( .3125 

* 2 ) ( Sqr. ( 71.46875 ( .3125 ) ) ) ) 
= 4911 psi. 

Membrane due to M2 (Ir5) = Kn(R3)(M2/((T 2)(Sqr.(Rm(T))))) 
= 1.454862 ( 1.872819E-02 ) ( 0 / ( ( .3125 

" 2 ) ( Sqr. ( 71.46875 ( .3125 ) ) ) ) ) 
= 0 psi. 

Bending due to M2 (lr6) = Kb(R4)(6(M2)/((T"2)(Sqr.(Rm(T)))) 
= 1.250597 ( 2.188655E-02 ) ( 6 ( 0 ) / ( ( .3125 

" 2 ) ( Sqr. ( 71.46875 ( .3125 ) ) ) ) 
= 0 psi. 

Press, stress (fr7) = Dp(Rm)(Iv)/(2(T)) 
= 10 ( 71.46875 ) ( 1 ) / ( 2 ( .3125 ) ) 
= 1144 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-or 1 

-or 2 
-or 3 
-or 4 
-or 5 

. 6  

-724 
-2750 
0 
0 
0 
0 

-724 
2750 
0 
0 
0 
0 

-724 
-2750 
0 
0 
0 
0 

-724 
2750 
0 
0 
0 
0 

-724 
-2750 
-815 
-4911 

0 

0 

-724 
2750 

-815 
4911 
0 
0 

-724 
-2750 
815 
4911 
0 
0 

-724 
2750 
815 

-4911 

0 

0 

-or 
-op 

-3474 
1144 

2026 
1144 

-3474 
1144 

2026 
1144 

-9200 
1144 

6122 
1144 

2252 
1144 

-2070 
1144 

-<7rt -2330 3170 -2330 3170 -8056 7266 3396 -926 



Item no. :  V-2214 S/o no. 
T7 & I W ' 1 

trie parameters 

U = 1.772155 
Tx = 2.035958 
p = 9.462529E-02 

Tangential stresses : (3 Pad outer edge) 

Membrane due to P <at1) = Kn(T1)(P/(T"2)) 
= 1.454862 ( .025 ) ( 2200 / ( .3125 * 2 ) ) 
= 819 psi. 

Bending due to P (at2) = Kb(T2)(6(P)/(T"2)) 

= 1.250597 ( 5.727186E-03 ) ( 6 ( 2200 ) / ( .3125 
' 2 ) ) 

= 968 ps i. 

Membrane due to M1 <at3) = Kn(T3)(M1/((T"2)(Sqr.(Rm(T))))) 
= 1.454862 ( .018 ) ( 13800 / ( ( .3125 * 2 ) ( Sqr. ( 

71.46875 ( .3125 ) ) ) ) ) 
= 783 psi. 

Bending due to M1 (at4) = Kb(T4)(6(M1)/((T-2)(Sqr.(Rm(T)))) 
= 1.250597 ( 6.718464E-03 ) ( 6 ( 13800 ) / ( ( .3125 

* 2 ) ( Sqr. ( 71.46875 ( .3125 ) ) ) ) 
= 1507 psi. 

Membrane due to M2 (at5) = Kn(T3)(M2/((T"2)CSqr.(Rm(T)))>) 
= 1.454862 ( .018 ) ( 0 / ( ( .3125 * 2 ) ( Sqr. ( 

71.46875 ( .3125 ) ) ) ) ) 
= 0 ps i. 

Bending due to M2 <at6) = Kb(T4)(6(M2)/((T*2)(Sqr.(Rm(T))>) 

= 1.250597 ( 6.718464E-03 ) ( 6 ( 0 ) / ( ( .3125 
• 2 ) ( Sqr. ( 71.46875 ( .3125 ) ) ) ) 

= 0 psi. 

Press, stress (at7) = Dp(Rm)(Iv)/(2(T)) 
= 10 ( 71.46875 ) ( 1 ) / ( 2 ( .3125 ) ) 
= 1144 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-at 1 -819 -819 -819 -819 -819 -819 -819 -819 
-at 2 -968 968 -968 968 -968 968 -968 968 
-at 3 0 0 0 0 -783 -783 783 783 
-at 4 0 0 0 0 -1507 1507 1507 -1507 
-at 5 0 0 0 0 0 0 0 0 
-at 6 0 0 0 0 0 0 0 0 

-at « -1787 
1144 

-643 

149 

1144 

1293 

-1787 
1144 

-643 

149 
1144 

1293 

-4077 
1144 

-2933 

873 
1144 

2017 

503 
1144 

1647 

-575 

1144 

569 



Item no. :  V-2214 S/o no. :  

^^^ar stresses : (S Pad outer edge) 

Shear due to V1 (os1) = V1/(3.H16(Ro)(T)) 
= 0 / ( 3.1416 ( 8.375 ) ( .3125 ) ) 
= 0 psi. 

Shear due to V2 (os2) = V2/(3.1416(Ro)(T)) 
= 0 / ( 3.1416 ( 8.375 ) ( .3125 ) ) 
= 0 psi. 

Shear due to Mt (os3) = Mt/(3.1416(Ro*2)(2)(T)) 
= 0 / ( 3.1416 ( 8.375 * 2 ) ( 2 ) ( .3125 ) ) 
= 0 psi. 

Stresses Au Al Bu Bl Cu 

-os 1 0 0 0 0 0 0 0 0 
-as 2 0 0 0 0 0 0 0 0 
-as 3 0 0 0 0 0 0 0 0 

-ast 0  0 0 0 0 0 0 0  

1! 
Combined stress intensity : (3 Pad outer edge) 

en ost = 0 

a (comb.) = The larger of : 

1) ort 
2) ott 
3) ort - ott 

- When ost <> 0 

o (comb.) = The larger of : 
1) 0.5[ort+ott+Sqr.((art-ott)"2+4(ast"2))] 
2) 0.5[ort+ott-Sqr.((ort-ott)'2«-4(ost"2))] 
3) Sqr.((oct-ott)'2+4(ost*2))) 

Stresses Au Al Bu Bl Cu CI Du 01 

-os (conb.) -2331 3170 -2331 3170 -8057 7266 3396 -1496 

CI Du Dl 

tt 
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loCAL A/JALY414, CN]2>) 

P r e s s u r e  V e s s e l  D e s i g n  P r o  C o r p ,  
H o u s t o n  T x  

# F i l e  n a m e  &  D e s i g n  p r e s s u r e s  (  #  1  )  

F i l e  n a m e  
C u s t .  n a m e  
P . O .  n o .  
I t e m  n o .  
S / o  n o .  
D e s .  n a m e  
U n i t  (  E  /  M  )  

V 2 2 1 4 S U P  
F H C  
9 6 0 9 6 . 0 8 8  
V - 2 2 1 4  

C S  H S U  
E 

M A P  ( n & c )  
M A W P  ( d e s . )  
D e s .  t e m p .  

= 1 0 
=  1 0  
=  3 2 8  

A t t a c h ,  l o c .  ( S / H )  =  H  

-  V e s s .  m a t e r i a l  &  A t t a c h m e n t  d i m e n s i o n s  (  #  2  )  

V e  s  s .  m a t .  
A l l o w ,  s t r e s s  ( d e s . )  
V e s s .  t h k . / P a d  t h k .  
C o r r .  a l l o w .  
S h e l l  I D  o r  H e a d  r a d .  

=  S A  5 1 6  7 0  
=  1 7 5 0 0  
=  0 . 3 7 5 / 0 . 3 7 5  
=  0 . 0 6 2 5  
=  7 1 . 2 5  

F t a c h  .  m a r k  = N 2  
A t t a c h ,  t y p e  ( C / R )  =  C  
A t t a c h . I D  = 1 3  
A t t a c h .  O D / P a d  O D  =  1 4 / 2 0  
R a d .  3  n o z z .  i n t e r f .  =  
H o l l o w  o r  S o l i d  ( 1 / 2 )  =  1  
D i m . C I / C I p = 
D i m .  C c / C c p  =  

-  F o r c e s  &  M o m e n t s  ( S p h e r i c a l )  (  #  3  )  

R a d i a l  l o a d  P  =  1 6 0 2 0  

S h e a r  l o a d  VI = 0 

S h e a r  l o a d  V 2 = 0 

M o m e n t  M 1 =  8 5 5 0 0  

M o m e n t  M 2 = 0 

M o m e n t  MT = 0 

F a c t o r  Kn o r 0 = 0 

F a c t o r  Kb o r 0 = 0 

F a c t o r  I V o r 0 = 0 

t p u t  ( S / P )  =  P  



P r e s s u r e  V e s s e l  D e s i g n  P r o  C o r p .  
H o u s t o n  T x  

F o r c e s  &  M o m e n t s  ( C y l i n d r i c a l )  (  #  4  )  

R a d i a l  l o a d  P  
S h e a r  l o a d  V c  
S h e a r  l o a d  V I  =  7 5 0  

M o m e n t  M I  
M o m e n t  M c  
M o m e n t  M T  

=  2 2 5 0 0  

F a c t o r  K  n  o r  0  
F a c t o r  K b  o r  0  
F a c t o r  I v  o r  0  

= 0 
= 0 
= 0 

O u t p u t  ( S / P )  

( # 5 ) 



PRESSURE VESSEL DESIGN PRO CORP. 

HOUSTON TX 

COMPUTATION OF LOCAL STRESSES — 

CUSTOMER NAME : FMC 

P.O. NO. : 96096.088 

ITEM NO. : V-2214 S/0 NO. : 

DESIGNER NAME : CS HSU OATE : 08-16-1999 

— Stresses in Spherical head — 
(@ Attachment) 

Attachment Mk. : N2 

M.A.W.P. : 10 psi. 
Des. temp. : 328 deg. F 

Vessel 

•

d rad. : 71.25 in. Head mean rad. : 71.65625 in. (corr.) 
d thk. : .75 in. ( .6875 in. (corr.)) 

Material : SA 516 70 
Allow, stress : 17500 psi. 

Attachment 

Shape : Cylindrical 
OD : 14 in. Outs. rad. : 7 in. 
Rad. @ nozz. interface : .375 in. 

Loads & Moments 

Radial load P 
Shear load VI 
Shear load V2 
Moment Ml 
Moment M2 
Moment Mt 

16020 lb. 
0 lb. 
0 lb. 
85500 in.-lb. 
0 in.-lb. 
0 in.-lb. 

Stress coefficient factors 

Kn : 1.759371 
R1 : 2.491521E-02 

T1 : .102268 

Kb : 1.470885 
R2 : 3.640958E-02 

T2 : 1.425405E-02 

Iv : 1 
R3 : 3.401551E-02 

T3 : .1028471 

R4 : 5.991575E-02 

T4 : 2.766207E-02 



Item no. :  V-2214 S/o no. 

trie parameters 

U = Ro/(Sqr.(Rm(T))) 
= 7 / ( Sqr. { 71.65625 ( .6875 ) ) ) = .9973203 

Tx = rm/t = 6.78125 / .4375 = 15.5 

p = T/t = .6875 / .4375 = 1.571429 

Radial stresses : (6 Attachment) 

Membrane due to P (Jrl) = Kn(Rl)(P/(T*2)) 
= 1.759371 ( 2.491521E—02 ) ( 16020 / ( .6875 * 2 ) ) 
= 1486 psi. 

Bending due to P (fr2) = Kb(R2)(6(P)/(T~2)) 
= 1.470885 ( 3.640958E-02 ) ( 6 ( 16020 ) / ( .6875 

" 2 ) ) 
= 10891 psi. 

Membrane due to Ml (fr3) = Kn(R3)(Ml/((T~2)(Sqr.(Rm(T))))) 
= 1.759371 ( 3.401551E-02 ) ( 85500 / ( ( .6875 

* 2 ) ( Sqr. ( 71.65625 ( .6875 ) ) ) ) ) 
= 1542 psi. 

Ifiing due to Ml (lr4) = Kb(R4)(6(Ml)/((T 2) (Sqr. (Rm(T)))) 
= 1.470885 ( 5.991575E-02 ) ( 6 ( 85500 ) / ( ( .6875 

* 2 ) ( Sqr. ( 71.65625 ( .6875 ) ) ) ) 
= 13628 psi. 

Membrane due to M2 (lr5) = Kn(R3)(M2/((T"2)(Sqr.(Rm(T))))) 
= 1.759371 ( 3.401551E-02 ) ( 0 / ( ( .6875 

* 2 ) ( Sqr. ( 71.65625 ( .6875 ) ) ) ) ) 
= 0 psi. 

Bending due to M2 (fr6) = Kb(R4)(6(M2)/((T"2)(Sqr.(Rm(T)))) 
= 1.470885 ( 5.991575E-02 ) ( 6 ( 0 ) / ( ( .6875 

* 2 ) ( Sqr. ( 71.65625 ( .6875 ) ) ) ) 
= 0 psi. 

Press, stress (Ir7) = Dp(Rm)(Iv)/(2(T)) 
= 10 ( 71.65625 ) ( 1 ) / ( 2 ( .6875 ) ) 
= 521 psi. 

Stresses Au Al Bu Bl Cu CI Du 01 

-or 1 
-or 2 
•or 3 
-or 4 
-or 5 

-op 

-art 

-1486 
-10891 
0 
0 
0 
0 

-1486 
10891 
0 
0 
0 
0 

-1486 
-10891 
0 
0 
0 
0 

-1486 
10891 
0 
0 

0 

0 

-1486 
-10891 
-1542 
-13628 

0 

0 

-1486 
10891 

-1542 
13628 

0 
0 

-1486 
-10891 
1542 
13628 
0 
0 

-1486 
10891 
1542 

-13628 

0 

0 

-12377 
521 

9405 

521 
-12377 
521 

9405 
521 

-27547 
521 

21491 
521 

2793 
521 

-2681 

521 

-11856 9926 -11856 9926 -27026 22012 3314 

f ^ 3 S - 52 5oa psi OK 

-2160 



Item no. :  V-2214 S/o no. 

trie parameters 

U = .9973203 
Tx = 15.5 
p = 1.571429 

Tangential stresses : (S Attachment) 

Membrane due to P (<Tt1) = Kn(T1)(P/(T"2)> 
= 1.759371 { .102268 ) ( 16020 / ( .6875 * 2 ) ) 
= 6098 psi. 

Bending due to P <fft2) = Kb(T2>(6(P)/<T"2)) 
= 1.470885 ( 1.425405E-02 ) ( 6 ( 16020 ) / ( .6875 

" 2 ) ) 

= 4264 psi. 

Membrane due to M1 (<rt3) = Kn(T3)(M1/((T"2)(Sqr.(Rm(T))))) 
= 1.759371 ( .1028471 ) ( 85500 / ( ( .6875 

* 2 ) ( Sqr. ( 71.65625 ( .6875 ) ) ) ) ) 
= 4663 psi. 

Bending due to M1 <fft4) = Kb(T4)(6(M1)/((T*2)(Sqr.(Rm(T)))) 
= 1.470885 ( 2.766207E-02 ) ( 6 ( 85500 ) / ( ( .6875 

• 2 ) ( Sqr. ( 71.65625 ( .6875 ) ) ) ) 
= 6292 psi. 

Membrane due to M2 (<rt5) = Kn(T3)(M2/((T"2)(Sqr.(Rm(T))))) 
= 1.759371 < .1028471 ) ( 0 / ( ( .6875 " 2 ) ( Sqr. < 

71.65625 ( .6875 ) ) ) ) ) 
= 0 psi. 

Bending due to M2 (fft6) = Kb(T4)<6<M2)/((T"2)(Sqr.(Rm(T)))) 
= 1.470885 ( 2.766207E-02 ) ( 6 ( 0 ) / ( ( .6875 

• 2 ) ( Sqr. ( 71.65625 ( .6875 ) ) ) ) 
= 0 psi. 

Press, stress (at7) = Dp(Rm)(Iv)/(2(T)) 
= 10 ( 71.65625 ) ( 1 ) / ( 2 ( .6875 ) ) 
= 521 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-at 1 -6098 -6098 -6098 -6098 -6098 -6098 -6098 -6098 

-at 2 -4264 4264 -4264 4264 -4264 4264 -4264 4264 

-at 3 0 0 0 0 -4663 -4663 4663 4663 

-at 4 0 0 0 0 -6292 6292 6292 -6292 
-at 5 0 0 0 0 0 0 0 0 
-at 6 0 0 0 0 0 0 0 0 

-at -10362 -1834 -10362 -1834 -21317 -205 593 -3463 

m 521 521 521 521 521 521 521 521 

m 
t 

-9841 -1313 -9841 -1313 -20796 
A 

316 1114 -2942 
+ 

< 3S = 52<5DO PSI £K_ 



Item no. :  V-2214 S/o no. 

<?<? 

r stresses : (8  Attachment) 

Shear due to V1 (<7s1> = V1/(3.1416(Ro)(T)) 
= 0 / ( 3.1416 ( 7 ) ( .6875 ) ) 
= 0 psi. 

Shear due to V2 (os2) = V2/(3.1416(Ro)(T)) 
= 0 / ( 3.1416 ( 7 ) ( .6875 ) ) 
= 0 psi. 

Shear due to Mt (os3) = Ht/(3.1416(Ro"2)(2)(T)) 
= 0 / ( 3.1416 ( 7 " 2 ) ( 2 ) ( .6875 ) ) 
= 0 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-os 1 
-os 2 
-os 3 

-ost 0 0 
It 
Combined stress intensity : (8 Attachment) 

m 
en ost = 0 

o (comb.) = The larger of 

1) ort 
2) ott 
3) ort - ott 

- When ost <> 0 

o (comb.) = The larger of : 
1) 0.5tort+ott+Sqr.((ort-ott)"2+4(ost*2))l 

2) 0.5[ort+ott-Sqr.((ort-ott)"2+4(ost"2))] 
3) Sqr.((oct-ott)*2+4(ost~2))) 

Stresses Au Al Bu Bl Cu CI Du Dl 

-os (conb.) -11857 11239 -11857 11239 -27027 22012 3314 -2943 

tt 



PRESSURE VESSEL DESIGN PRO CORP. 

HOUSTON TX 

— COMPUTATION OF LOCAL STRESSES — 

CUSTOMER NAME : FMC 

P.O. NO. : 96096.088 

ITEM NO. : V-2214 S/0 NO. : 

DESIGNER NAME : CS HSU DATE : 08-16-1999 

— Stresses in Spherical head — 
(@ Pad outer edge) 

Attachment Mk. : N2 

M.A.W.P. : 10 psi. 
Des. temp. : 328 deg. F 

Vessel 

•

d rad. : 71.25 in. Head mean rad. : 71.46875 in. (corr.) 
d thk. : .375 in. ( .3125 in. (corr.)) 

Material : SA 516 70 
Allow, stress : 17500 psi. 

Attachment 

Shape : Cylindrical 

OD : 20 in. Outs. rad. : 10 in. 
Rad. @ nozz. interface : .375 in. 

Loads & Moments 

Radial load P 
Shear load VI 
Shear load V2 
Moment Ml 
Moment M2 
Moment Mt 

16020 lb. 
0 lb. 
0 lb. 
85500 in.-lb. 
0 in.-lb. 
0 in.-lb. 

Stress coefficient factors 

Kn : 1.454862 
R1 : 1.595491E-02 

T1 : 2.105517E-02 

Kb : 1.250597 
R2 : 1.208639E-02 

T2 : 5.55182E-03 

Iv : 1 

R3 : 1.133365E-02 
T3 : 1.339311E-02 

R4 : 1.533949E-02 

T4 : 4.629686E-03 



Item no. :  V-2214 S/o no. T*#> Ie 

trie parameters 

U = Ro/(Sqr.(Rm(T))) 
= 10 / ( Sqr. ( 71.46875 ( .3125 ) ) ) = 2.116006 

Tx = rm/t = 8.28125 / 3.4375 = 2.409091 

p = T/t = .3125 / 3.4375 = 9.090909E-02 

Radial stresses : (@ Pad outer edge) 

Membrane due to P (Irl) = Kn(R1)(P/(T 2)) 

= 1.454862 ( 1.595491E-02 ) ( 16020 / ( .3125 '  2 ) ) 
= 3808 psi. 

Bending due to P (lr2) = Kb(R2)(6(P)/(T"2)) 
= 1.250597 ( 1.208639E-02 ) ( 6 ( 16020 ) / ( .3125 

* 2 ) ) 
= 14877 psi. 

Membrane due to Ml (lr3) = Kn(R3)(Ml/((T2)(Sqr. (Rm(T))))) 
= 1.454862 ( 1.133365E-02 ) ( 85500 / ( ( .3125 

* 2 ) ( Sqr. ( 71.46875 ( .3125 ) ) ) ) ) 
= 3055 psi. 

•

ding due to Ml (f r4) = Kb(R4) (6(Ml)/((T~2) (Sqr. (Rm(T)))) 
= 1.250597 ( 1.533949E-02 ) ( 6 ( 85500 ) / ( ( .3125 

i ) { Sqr. ( 71.46875 ( .3125 ) ) ) ) 
= 21324 psi. 

Membrane due to M2 (lr5) = Kn(R3)(M2/((T 2)(Sqr.(Rm(T))))) 

= 1.454862 ( 1.133365E-02 ) ( 0 / ( ( .3125 
" 2 ) ( Sqr. ( 71.46875 ( .3125 ) ) ) ) ) 

= 0 psi. 

Bending due to M2 (lr6) = Kb(R4)(6(M2)/((T~2)(Sqr.(Rm(T)))) 

= 1.250597 ( 1.533949E-02 ) ( 6 ( 0 ) / ( ( .3125 
" 2 ) ( Sqr. ( 71.46875 ( .3125 ) ) ) ) 

= 0 psi. 

Press, stress (Ir7) = Dp(Rm)(Iv)/(2(T)) 
= 10 ( 71.46875 ) ( 1 ) / ( 2 ( .3125 ) ) 
= 1144 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-or 1 
-or 2 

-or 3 
-or 4 
-or 5 

^̂ r 6 

W" 

-3808 
-14877 

0 

0 

0 
0 

-3808 
14877 
0 
0 
0 
0 

-3808 
-14877 
0 

0 
0 
0 

-3808 
14877 
0 
0 
0 
0 

-3808 
-14877 
-3055 
-21324 

0 

0 

-3808 
14877 

-3055 
21324 
0 
0 

-3808 
-14877 
3055 
21324 
0 
0 

-3808 
14877 
3055 

-21324 

0 

0 

-op 

-ort 

-18685 
1144 

11069 
1144 

-18685 
1144 

11069 
1144 

-43064 
1144 

29338 
1144 

5694 
1144 

-7200 
1144 

-17541 12213 -17541 12213 -41920 

T 
30482 6838 -6056 

5 2500 F&i 



Item no. :  V-2214 S/o no. 

trie parameters 

U = 2.116006 
Tx = 2.409091 
p = 9.090909E-02 

Tangential stresses : (8 Pad outer edge) 

Membrane due to P (ot1) = Kn(T1 )(P/(T*2)) 
= 1.454862 ( 2.105517E-02 ) ( 16020 / ( .3125 * 2 ) ) 
= 5025 psi. 

Bending due to P <ot2) = Kb(T2)(6(P)/(T*2)) 
» 1.250597 ( 5.55182E-03 ) ( 6 ( 16020 ) / ( .3125 

* 2 ) ) 

= 6834 psi. 

Membrane due to Ml (ot3) = Kn(T3)(M1/((T*2)(Sqr.(Rm(T))))) 
= 1.454862 ( 1.339311E-02 ) ( 85500 / ( ( .3125 

* 2 ) C Sqr. ( 71.46875 ( .3125 ) ) ) ) ) 
= 3610 psi. 

Bending due to M1 <ot4) = Kb(T4)(6(MD/((T-2)(Sqr.(Rm(T)))) 
= 1.250597 ( 4.629686E-03 ) ( 6 ( 85500 ) / ( ( .3125 

* 2 ) ( Sqr. ( 71.46875 ( .3125 ) ) ) ) 
= 6436 psi. 

Membrane due to M2 (ot5) = Kn(T3)(M2/((T*2)(Sqr.(Rm(T))))) 
= 1.454862 ( 1.339311E-02 ) ( 0 / ( ( .3125 

* 2 ) ( Sqr. ( 71.46875 ( .3125 ) ) ) ) ) 
= 0 psi. 

Bending due to M2 (ot6> = Kb(T4)(6(M2)/((T"2)(Sqr.(Rm(T)))) 
= 1.250597 ( 4.629686E-03 ) ( 6 ( 0 ) / ( ( .3125 

" 2 ) ( Sqr. ( 71.46875 ( .3125 ) ) ) ) 
= 0 psi. 

Press, stress (ot7) = Dp(Rm)(Iv)/(2(T)) 
= 10 ( 71.46875 ) ( 1 ) / ( 2 ( .3125 ) ) 
= 1144 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

"(7t 1 -5025 -5025 -5025 -5025 -5025 -5025 -5025 -5025 
-ot 2 -6834 6834 -6834 6834 -6834 6834 -6834 6834 
-ot 3 0 0 0 0 -3610 -3610 3610 3610 
-ot 4 0 0 0 0 -6436 6436 6436 -6436 
-ot 5 0 0 0 0 0 0 0 0 
-ot 6 0 0 0 0 0 0 0 0 

-ot -11859 1809 -11859 1809 -21905 4635 -1813 -1017 
|P 1144 1144 1144 1144 1144 1144 1144 1144 

^£TT -10715 2953 -10715 2953 -20761 5779 -669 127 

< ? > € • =  5 2 5 " P s i  e > K  



Item no. :  V-2214 S/o no. :  

stresses : (3 Pad outer edge) 

Shear due to V1 (as1) = V1/(3.1416(Ro)(T)) 
= 0 / ( 3.1416 ( 10 ) ( .3125 ) ) 
= 0 psi. 

Shear due to V2 (as2) = V2/(3.1416(Ro)(T)) 
= 0 / ( 3.1416 ( 10 ) ( .3125 ) ) 
= 0 psi. 

Shear due to Mt (os3) = Mt/(3.1416(Ro"2)(2)(T)) 
= 0 / ( 3.1416 ( 10 * 2 ) ( 2 ) ( .3125 ) ) 
= 0 psi. 

Stresses Au AI Bu Bl Cu 

as 1 0 0 0 0 0 0 0 0 
as 2 0 0 0 0 0 0 0 0 
as 3 0 0 0 0 0 0 0 0 

-ast 0 0000000 
XI 
Combined stress intensity : (3 Pad outer edge) 

en ast = 0 

a (comb.) = The larger of : 
1) art 
2) att 
3) art - att 

- When ast <> 0 

a (comb.) = The larger of : 

1) 0.5[art+att+Sqr.((ort-ott)"2+4(ast"2))] 
2) 0.5(art+att-Sqr.((art-att)"2+4(ast"2))] 
3) Sqr.((act-att)'2+4(ast"2))) 

Stresses Au Al Bu Bl Cu CI Du Dl 

-as (comb.) -17542 12213 -17542 12213 -41921 30482 7507 -6184 

7 T 
OS 

ci Du Dl 

XX 



12 PROu 
375.7.5* REiSF PAO 

ROILED TO 36* SHELL R 
ENO/PIPE 

P-WMP SUPPORT 
SEE DETAIL ON 
Owe 398322 

SHELL 

.375*9* REINF PAD 
ROLLED TO 36" SHELL R 

— PUMP SUCTION 
NOZZLE 
SEE OETAIL 3 

'*«• HOLES THRU • 
(4 PLCS) 

I *•* MOLES THRU " 
V (4 PLCS) 

CTAW 

rrp ALL 
FLANGES, 

4* 150# RFSO FLANGE 
DETAIL 3 

IV** 30CC# COUPLING 
(OVERFLOW) P U M P  S U C T I O N  •PUMP DISCHARCE - REUSE X 

EXISTING 2* 150# FLANGE A 6 PRQJ 

DETAIL 2 

PE CONNECTION 
DETAIL 2 
PE CONNECTION 
(8ELOW) 

NO SCALE 

2* 150# ASTU A105 R.F s o. 
FLANGE W/2* SCHED 80 
ASTU ASJ TYPE S PIPE 

IV** OVERFLOW 

DETAIL 1 

TE CONNECTION -> 
r# 6000# THR"D 
COUPLINC 

DETAIL 1 
DETAIL 1 (12) 1H* HOLES 

EQ SPA ON g CTAW THRU 
COUPLINC WA. ROLLED I H X 6 -0 O.D. ASTU A516 

- 6* 150# RF SUP-ON FLANGE 
(SHIP LOOSE) 

*• 3000# COUPLINC 
(STEAU OUT) 

/— 6# SCHEO 40 
/ PIPE ASTU A5J 

PLAN VIEW V—2214 

IV** 3000# COUPUNG 

t H.J COLLAR 

I *• 
F B. 3XHXC -6 LC 

D E T A I L  4  
10* SCHED 40 PIPE W/10* 
150# F.F. SLIP-ON FLANCE NOTES 

H* 3000# THREAOOLET 
ASTU A105 

STRUCTURAL STLEW SHAPES k PLATES SnAU CONFORM TO ASTU A36 UN. 
WELDING ELECTRODES SnAu BE E70ll PER A«S A5.1 OR A3 5. 
STRUCTURAL STEEL SnAu. BE SnQP PRiuED ANO 
SHOP PAINTED WITH FIELD TOUCH-UP 0T ERECTOR 
AU WELDS FOR N€* NOZZLES SnAu. BE MAOC USlNC TH€ CTAWi PROCESS 
ALL NEW NOZZLE/COuPbNG OPENINGS SnAU BE ORHLED OR CuT TO UATCH 
THE BORE OF THE NOZZLE/COUPUNG. IF FLAUE CUT. CARE SnAU BE TAKEN 
TO INSURE CuT-CuTS UATCH THE NOZZ^E/COuPUNG ID 
ITEUS NOTEO NEW ARE FOR THE 98 OVERHAUL AU. OTHERS ARE EXISTING 
AU MATERIAL FABRICATION k iNSPECT.ON SMAU CONFORM TO SPECIFICATION 
NO UC-2025(C97-oa) 

3* 150# SLIP-ON 
FLANGE 

PUMP SUCTION 
NOZZLE 

22* MANHOLE 
PER OWE 31 OBJ 
PART NO M 

H* JOOO# 
THREAOOLET NOTE; 

SOME DESIGN INFORMATION ON THIS DRAWING IS 
BASED ON FURNACE No.3 OVERHAUL. ATE C95-02. 
DIFFERENCES BETWEEN THE N0.3 FURNACE AND THIS 
DRAWING ARE CHANGES AS DIRECTED BY FMC FOR 
FURNACE No.2 OVERHAUL. C97-08. 

REMOVED SCZZ.-S. »".ASC£S > -ZAPS SHORTENED 06/10/98 DBA 
3* SCHED 40 B.S. 

PIPE PL TAIL 2 / 
PE CONNECTION 

APPROVED FOR CCNSTRuCT.CN G7/01/9! 
ISSUED FOR APPROVAL CW/H 

TE CONNECTION 
NOZZLE Phosphorus Chemical DtVIBON f u C  C O W W O R A T I O N  

POCA IXu.0. IOAHO 
4* 150# SLIP-ON 

FLANGE 
UPPER 

SCAM 
UNC 

DETAILS REVISION APPROVAL RECORD DRAWINC STATUS 4* NOZZLE SCHED 80 
PIPE ASTU A53 GR B 

300065 
300105 2ND PASS SLURRY TANK 

NO, 2 FURNACE (VUES71 
1998 OVERHAUL 

ARR 2nd PASS DRV BOHQu 
STATUS 

300069 SLURRY VENT 
lUKENS A SUE FLANGED k OlSHED 
HEAO. (6'-0 0.0.) 
(TOP k BOfTOU) _ fH*3 WiOE REINF PHOSPHORUS DEPT 

TO! H/03/17 
ELEVATION - SLURRY TANK PRO0E NOZZLE 

D6A 04/09/96 

c 

C 

I 



attach \MkJ 2 

CLIENT: FMC 8/16/99 
PROJECT: 
SUBJECT: SLURRY POT ASSESMENT 
TANK: V-2214, NO.2 FURNACE 2ND PASS SLURRY POT 

NOZZLE SCHEDULE 
MK SIZE SERVICE NECK REINFORCING PAD LOCATION 
N1 15" O.D. AGITATOR 3/8" 3/8" t X 21" O.D. SHELL 
N2 14" INLET SCH XST (0.5") 3/8" t X 20" O.D. TOP HEAD 
N3 6" FOG CONN. SCH 40 (0.28") 3/8" tX 12 5/8" O.D. TOP HEAD 
N4 4" PE CONN. SCH 40 (0.237") 3/8" t X 9" O.D. SHELL 
N5 3" PUMP SUCTION SCH 40 (0.216") 3/8" tX7 1/2" O.D. SHELL 
N6 2" PUMP DISCHARGE SCH 80 (0.218") NO PAD SHELL 
N7 10" DRAIN SCH 40 (0.375") NO PAD BTM HEAD 
N8 4" OUTLET SCH 40 (0.237") NO PAD BTM HEAD 
M1 22" MANWAY SCH STD (0.375") NO PAD SHELL 
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DATE 
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DATE DATE ONCE 1 J UR ^ 

j-°- %elL. 06s. 

DATE DATE 

"PEAIS^ g(g / - rgg iA/g&FejgE/ \ iC£5 '  

£fli?£ SECT, W "PiV.  i 

VJELPIA)^ ££464£<ri-| C^UAJE/L £WJ£0 ihilleTIM io~l 

FBg^Lieg- VK>geL X>B^\GA vjArJP2/0"P EctTioaJ 

£reess CT»og,ix'&gAT|g^O' 

• "P&R . ASM£ r̂oe (J6-4-0 / L I M I T S  cp E£>Ajf©/?CEMeAJT , M£*4*J g £T) f̂ ÂUB-L 

-Jo SM£tL OALL , ^ALLES AT A VKTAA^E, Of0 S4^H 4|t>££>p 0fS*J/AJ £ x 

t&JAL TP TME £££ATe< 0F- T4£ FTLL^UO/AJ A-' 
i) TMEPiA, *(. 6f TF£ FimiSHEO 0Y&7J//O4 : Ji -

-2) ^ + "t -t t* = 0.975+0.2/6- 2.1675'' 

/• F5>£ T^Mp <4U<ITIC>AJ y V, THe LIMITS oF Egi/J/rece^EAT]" = 3JP5" 

• ?eY. -pt€44LTY£ VESSEL -peSt^M HAMDB^< 7A£A 7,5-3 ( ?A4 & Z*1 , 

THE UJIUTH op YE7AJR>£ C.I/O<£ fAP , /JAJLcvS t/JTEAJMEP/^TE" \WSL~K» AEE LISS^), 

S H A L L  W t T V  EXCEED 

') \b~t~p - (16 s) Co,sis} = £,' 
2} lU-t-YA) <16^ ^,?75- = 5" 
6 /2  -  3  A -5 .  P i ? '  fAWTio i^BXO ^  L \S£  3 .  P?3  

• ?P£ A5MF C®D€ L£-2^ ^7-/f£E/\J/A)g, P/AJ^S £?/? cyL/A j r?/e/c4L SF/ELL 
LAAJ17A7? fyretAjAL , THE SE£TI»NJ i-^^9 SHALL /\]*r gP 

£€6ffTS« TW-PKJ (.1 JpU = 0.1 > J~(72V'.*"5) - 5/2z'' 

'  St- 4^/ST£A^£- £EfeeSrteJE: / /JaJ/AL/41^ £?< Bxr&ltKJAL loftOS 

Ot\1 f656SiJ<fe vessels SpEElRErp w WF ^H^EL TT££2>ES> PLJ£ 72? L?c4l_ 
LoAT TSAJD lYUAFp A V\$TA^]CE of-
2 TO 3  X =  6.1 "  IP1 '  
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REV. 
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Raytheon Engineers & general 
Constructors computation 

sheet 

PRO IFPT 

PRELIM. FINAL VOID 

SUBJECT 

oncci Ur ~2 

j0- 4£p4£.oar 

DATE DATE oncci Ur ~2 

j0- 4£p4£.oar 

DATE DATE 

%. ~PiS>fA/vic.& B>efvJe&rJ MgzzLP 4 TTnM-p r : 

A^GiP T^eTuj&e^ h^oZZLB oP. A £i)AS=T 'S 

A ^ E  L t m £ T A  -  ) - \(j,%A." > 10 + 3.(4 3 • 13.(^-5" 

. '. stresses (aJILL IO^T i(JfLUen<L£ EAsi-) oTb\e{Z.. 

CO^CLWyWr^ : 

"DtiS T<? THE -P^UE4/(9AJ "POMP S0C,T|<?/\) C^"3 *^"0 PON? 

^XlVfofZT &1 liters SUouLp 3£ e\JAlOATED WPWIPJ^LL/b 

e>A4£D c/A \)e$*,-et, dAlCULAT'o/d <LfclT&£( A, ~P*P = /0 p*' £ 4 

TMe ^HELL TWI£Ica)&6& SWould BE- 0.0%^"m 

"TL& c^eecpep TPickaJSES mcaeiJIZED IS <9,2(3" > 0,D°ibb" 

• TW£ EXISTING £o;?£gH)&D THlCK/PEAS \S APedlUATE Fgg. IMT&?^JAL 

T1SKSQ2.& ^ kIOZZLET eB(NFo(2CPM%MT. 

'  TME rr)E,T/^CP B£7"UTEEA) M&ASJP&p A/TD -puMp SUfpclPT £LK*ST 

(S 0dT 0f LIMITS 5P KB-ZAippPCTMe^, TA£ M/MlMdM SHELL 

T K I C K A E A S  ( 5 f  0 , 2 2 0 '  I S  N t e f  A P f L i  f i A f t t G .  

PiSCLXSIotO •. 

TPS S/YFePf cp^s\pepA"Tio/0^ c (^ECPMHe^PS TAAJ 

SWELL TVWCKMESS id TWe tT£TA-^C& Of- IC>" P^>M\ Gd^SET SpoULT) 
B>L £\JALdT&p A<£A/K\ , 
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DISTRIBUTION 
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PROBLEM STATEMENT: 

DEri=fc'»-Ais.\ E ir /p uupcT.. PPT 

CI(2.CL>V4CTIO^- . ?0HP. .^>aP?P?T. 5 

SUMMARY CONCLUSIONS: - - - •- - • 

S LU^ P Y  A . c c  .  TIP£QL}/V\L. .Pep.y»P£P. .TAA?.. - -T®1". v - t*-c- -L-

! Tu,cwk>L^Lp* * Do. .OLJ-P^. .fPWrfAAAMH.-

^i_ueeY POT 

y- \^i3YFwffw,\ y P*??} 

M m .  T H E . .  

y - zti3. C Fyen-1. y! ? A  * ?  j  &. 

y - l/Lj4-
y - 3?_i3 (ruef»..2 i -T PAy6) u) 

y - 'sz 14 (Fjaw.3v2-Pp^ e 
.1. 1 - - - - -A • y efl , A _ 

1-715^ E y i;5 ia 

y .  4 2  \ 4  C f y e J  , 4 ,  2 ^ .  p a - » )  y  

. e ® l 0 "  

,2*19" . 

.180" ; 

.  .  

.  Z ^ q " .  

. Z4S" 

', 220 

A03i->C17/1 
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CALCULATION SET NO. 

ot  

DESIGN BASIS: - - - • 
-LO*DS )vj . 'ST.^OCTO^AU .CALCULATIONS. 

pp g&poLT1*̂  . F.£p.*V f>TACT »C 

pjvAC 
-2  f^(^ . .  .Wre^AW-

Ma^TL. LifyrfcT?.. .0.0 

MfeAP 

-tuicxu^. .ca^c-<-. ,?.^ytpc.p.. )t4.. .f.g^apjq a 

DAT^P IP/%"7 J f \  4r.  -  .  *S>ur . .  PPPATT&"- - *  /-S / -  4:- . .  

UNVERIFIED ASSUMPTIONS/OPEN ITEMS: 

REFERENCES" (SPECIFICATIONS, DRAWINGS, CODES, CALCULATIONS, TEXTS, REPORTS, 
fcc r_r,~4 OMPUTER DATA, FSAR, ETC.) 

DRA*AN«» 32470 ,. EEV/.ii...-RPR - V-lZ^ 

- 3Z7=>.3. E?Y..) 2, T V 
ZflZZ-Ld . £en/, o. 
*AZ&?A,. £t.V, .Q 

.3532V 
3?J5fel3,. 2.. 

zt-.y-.l 

,Vr^3 

v-3t\4 

V-4213 

\/-42i4 

'.CRLcUtAT.o^'..*?&'. PjM? B"5*3^ 
QytfcP Q/ife/ld , rutr'n. \?-ll Md t gtv. O 

COMPUTER PROGRAM DISCLOSURE INFORMATION 
PROGRAM USED: (NAME) REV. NO. REV. DATE 

ANALYSIS DESCRIPTION 

PROGRAM TYPE UE&C VERIFIED 

• YES 
• NO 

RUN NO. RESULT 

INPUT CRITERIA BY 

RUN BY 

DATE. 

DATE 

CHECKED BY. DATE 

APPROVED BY DATE 

AO303017.-2 
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Raytheon 
Engineers & Constructors 

GENERAL 
COMPUTATION 

SHEET 

PROJECT EbdC Cap P. 
SUBJECT fjTL URRVPOT PUMP PPACKETL 

CALCULATION SET NO 

PRELIM FINAL VOID 

SHEET OF 

JO 93S3. <70/ 

REV 

-R <-

R / OF nz 
COMP BY 

DATE 12/uNs 
DATE 

CHK'D BY 

DATT 
i/IVVY 

DATE 

FURNACE 

NO. 

FLURRY 
POT 

5HELL 
MAT'L. 

PUMP 
BRACKET 
TYPE: 

(NOTE 1) 

$ LURRY 

POT 

O. DtF. 

BLURRY 
POT 

W4LLTHK 
(MEW) (NOTE 2) 

u  

LIQUID 
HEAD 

CALCULATED 
MINIM UM  
WALL TrIK. TO BE 

PLLOCUJE CD 

FACT SA2& &- I 12" 1/8-
c er 

Z P S T  0.29O" note 3 

WEST I 0»29O " NOTE 3 

EFST O.2eo* EkeP.W * 

V/EC, 0. 29CO" NOTES 

2c PAST 

Y/EŜ  

A. EE: 

y/Ecr iSP,51̂ 70, I 

0*290" NOTES 
Q.29Q"NOTE 3 
Q.24S *<ZeP.12Z 

Y O.ZZO"SecR15£ 

' c %  NOTES 

1- Bee SHEETS 3 $ 4-

2- 4 FT Ltouto x /, 12 S. <3/22/ FT/PS/ = /. FT/ use 2 est 

2• Based on cylculh t/otys f°oa funny he *l-E/?sr 
SLURRY POT; (UJH'CH HYD THE MOST SB'S ENS LoYD 

CONO/T/OYJ. SEE (24! . 
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it Constructors 
A RaythMfl Company 

GENERAL 
COMPUTATION 

SHEET 

PROJECT 

SUBJECT <LLJRRV Pnr P(jm& EoACKPTl 

CALCULATION SET NO 

M-IOI 
PRELIM FINAL VOID 

SHEET OF 

JO 9353.00/ 

REV COMP BY 

P/Swcrz 
DATE 

DATE 

CHK'D BY 

C T v - g f r  
DATE 

DATE 

FURNACE 
NO. 

SLURRY 
TANK 

JOINT 
NO. 

LOAD 
NO. 

LOAD 
TYPE 

LOPE 
P 

(X) 

COMP 
Vc 
( X )  

ONE Nil 
VL 

( X )  

~S 
Mc ! ML 

^IN-k) i ON-K) 
Mr 

6N-K) 

1 

EAST 
1 fa DULL o o .88 O i-19.4 4.9 *k 

1 

EAST 1 F DLtSElS. . 1 Co . 1 2  1 . 0 2  1.34 \-22.5 0' 48 *• 

1 

EAST I 

1 

EAST 

fa 7 DLtSElS. . 1 4  -  . 2 2  .76 - !• 23 i -  \ fa >8fa - fa.fa8 * 1 
WEST fa fa DLtLL O O .88 O \-\S.77 -10.40 

1 
WEST 

Yr 7 DLt&lS. .08 - . 1 7  1 . 0 2  - .07 I- 18.3b -12- O(o 

2 

EAST 
14 6 DLtLL . 0 1  - .02 1 . 0 2  - . 0 2  - 2 / .  0 0  852 <£> 

2 

EAST 14 7 DL tSEIS. .25 .32 . 40 - . 0 2  -38.80 21.70 0 
2 WEST fa fa D L t L L  0 0 . 2? O -1458 - 4 3 5  2 WEST 

fa 7 D L t S E / S  . 1 1  -.21 \ .02 - . 2 7  -I6>.9fa -575 

3 
EAST 1 

1 
(3 
7 

DLtLL 
DLFEIS. 

o 
.08 

O 
.17 

.2? 
1.02 

O 
.7/ 

-15.22 
-17-70 

10.03 
//• 6>7 

3 

WEST 1 
fa 
6? 

7 
fa 

P 

DLtfEIS. 
DLtLL 
DLtSeis. 

. 1 0  
o 
. 1 4  

. 18 
O 

- . 2 3  

.75 

. 2 2  
1 0 2  

.73 
O 

-103 

-1353 
-\3A7 
- ] f a < 2 4  

7.35 
- 1.22 
- 2.19 

4 

EAST 14 
14 

fa 
7 

DLtLL 
DLtSE/S. 

.Ol 
.25 

- .02 
. 2 1  

1 . 0 2  
.40 

- .02 
-  . 0 3  

- 2 1 . 9 1  
- 3 9 . 4 1  

8.00 
20.01 ** 

4 
WEST 

1 
fa 
6 

7 
fa 
8 

VLtSL/S. 
DLtLL 

DLtSL/S. 

.13 
0 

,\(o 

. 2 1  
O 

- . 2 2  

.95 

.22 
1.02 

1.07 
0 

-  1 - 2 /  I 
I 

I Co- 6 fa 
- 3 . 9 /  
-4.54 

Th-gse: LOAD coNOrrto/vs ARE JUOGEO TO BE THE nuosT 

SEVERE, TOP EACH PoT. 

SLURRY POTS FOP FURNHCHI EFtsr *2WFST, *3BEST] * 
#3VZesr PRE ALL A3G? MATERIAL}(MITH SIMILAR PUMP 

GRPCKET • TYPE 1 % LOPOS MARK-ECD Ok) SLURRY POT 
#"1 EAST PRE JUOGED THE HIGHEST FOR ALL THESE 

SLURRY ROTSJ 4 THE M/MITR/FF? TPIK. FOR ALL THESE 
PO TS U//LL RE R/4SED OAJ THESE NORX/FPUM SOROS, 

SLURRY POT FOR FURNACE *2 EAST is P36> MA TEYAAL, CUT HPS 
purWP GRACKET TYRE 2. MINIMUM THK. FOR THIS POT 
(MILL RE CALCULHTEO SEPARATELY 

SLURRY POT FOR FURNACE &4 E/ST IS P5/5-70 MATER/AC- 4HAS 

PUMP STACKS T TYPE 2. MINIMUM THE. FR JY/S PAR MIL 6E CALSUUTBD  ̂
SEPARATELY. 

SLURRY POT F0R FURNQCB *4 WEST IS A5/5-70 MFITERMUHAS PUMP"6MCKFT 
TYPE f. MINIMUM THK FOR TH/S POT MILL RFrALCUm? CCPM7ELY 
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Pump BRACKET Type T 

FURNACE * I EAST 0 [VEST POT 
FURNACE *2 WEST POT 
F UP MP CE *3 EAST £ WEST POT\ 
FURNACE *4- WEST PoT 

l2/iG,h4> ' /W<r  

DATE DATE 

22'  
\ 
1 

-m&LVS YAGY 

r-ASSUME THE dTU&ETIS 

SUPPORTED ONr 

!5'/<z UEfiJGrH 
OF SHEU—j 
OMLY. 

YcoNSERVArrvE 
SINCE GUgE r IS 
ALSO UJELDED TO 
HEAD.) 

E> 

/ ^ 

PLAN 

POP HOST SEVERE LOAD 
CONDITION - USE LOAD ON 
FURNACE *1 - EAST POT 

JOINT* 1- LOAD *8 

HERD/SHELL SM. 

TANGENT 

SL̂ VALlOhL 'A^A 
w / 
V-

ihaL a-# 
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1333.00/ 

COMP BY CHK'D BY 

•H'JLT-
DATE 

/2/N14 

DATE DATE 

-ASSUmE THIS IS THE 
GUSSET LENGTH 

JT THE SHELL 
UlTTHoH SVEA/T. 

m « . GENERAL b Constructors COMPUTATION 
A RaytltMfi Company 

PROJECT FHC CoPP 

SUBJECT 3>Lur?f7v Pnr Pump ft gaskets 

Pump /3packet TYPE Z 

Fori MOST SEVERE LOAD 
j CONDITION-USE LOfiCSON 
\ FURNACE #Z-EAST PoT 

JOIN T #14 - LOAD *7 

PLAN 

ELtV. %-/!" 
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SHEET 

PROJECT EMC CORP 

SUBJECT (Lunav Pot P(JMP /PcackcTS 

CALCULATION SET NO 

PRELIM FINAL VOID 

SHEET OF 

i o 93S3.POJ 

REV COMP BY 

DATE 

CHK'D BY 

DATE DATE, 

DATE 

/HE FOLLOWING PACES SHOUJ THE 

TPANSFOR/77A TfOhJ FPoM STPUC TURA U 

CALCULATED L.OADS TO T7ECHAN/CAL. 

LOAQS APPLIED TO rHE EOU/P/77ETST 

A T THE /3PACKET ATTACH/F?CrJT. 

7The coad tpansecrtaa r/orj /s Pcc?<sfPE£> 

/N OPDET TO USE Pressure \/csseu TDcr/ca/ 

Pro Cos P. PC PcocAA/r? for APpuc/marJ 

& ANALyf IS OF LoAOS /N ACCORDANCE OlZ/TH 

UPELD/TJC Pesearch C&csnc/C /CullotaJ 
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United Engineers 
li Constructors 
A —yW>—I Company 

GENERAL 
COMPUTATION 

SHEET 

PROJECT _ FMC COSE. 

SUBJECT^5ZL/ / ? / 7 V  PoT /°UMP l3l?8CKETS 

CALCULATION SET NO 

M-/o /  
PRELIM FINAL VOID 

SHEET _ OF 

J O  cf3S3.QOl 

REV COMP BY 

OAT 

12/14/94 

WJLT-?-
DATE 

DATE 

CHK'D BY 

;.7 -&Jk> 
DATE 

'MAs 

DATE 

FURNACE *1- EAST POT A* x" 

Sin ~ 

S/N (ft ~ 

#8 / 3 '  
36," 

13.182' 

•e-* 14.17 

<p=2f.4<? 
36," 

<p'= 36,0°- 2h 332.Sf 



SLURRY POT PUMP BRACKET (FMCP-F1E) 
* FURNACE NO 1 - EAST POT 

PAGE NO. Ig.- j 

M-lol Pft/se 7 OFNZ 

SUPPORT REACTIONS -UNIT KIPS INCH STRUCTURE TYPE =  SPACE 

JOINT LOAD FORCE-X FORCE-Y FORCE-Z 

1 
2 
3  
4  
5  
6 (DL+LL) 

0 .  0 0  
0 .  0 0  
0 . 0 0  

- 0 . 2 3  
0  .  0 0  

0 . 7 8  
0.  10 

- 0 .  1 6  
0 . 4 2  
0 .  0 0  
0 .  8 8  

0 .  0 0  
0 . 0 0  
0 . 0 0  

- 0 . 2 8  
- 0 . 2 7  

0 . 0 0  

MOM-X 

1 7 . 7 1  
2 . 3 0  

-3  .  54  
9 . 7 4  

- 6 . 1 9  
2 0 . 0 1  

MOM-Y 

0 . 0 0  
0 . 0 0  
0 .  0 0  
1 . 7 9  
0  .  0 0  
0 . 0 0  

MOM Z 

0, 
0. 
0. 
0. 
0 . 

_0_ 

0 0  
00 
0 0  
01 
0 0  
_OQ_ 

7  ( ZLt- sas)  0 . 1 7  0 . 3 8  0 . 2 1  8  .  6 3  - 1 . 3 4  - 0  .  0 1  

r-rH 0
 

1 

cc 1 .  0 2  - 0 . 2 1  2 3 . 2 5  1 . 3 4  0  .  0 1  

•
 

o
 

o
 

o
 

0 . 7 0  0 . 2 0  2 0 . 5 8  0 .  0 0  0  .  0 0  
1  0  .  0 0  0  . 4 9  0  .  0 0  11 .  60  0 .  0 0  0  .  0 0  
2  0  .  0 0  0  .  1 0  0 .  0 0  2 . 4 5  0 . 0 0  0  .  0 0  
3  0  .  0 0  - 0 .  1 0  0  .  0 0  - 2  . 3 2  0  .  0 0  0  .  0 0  
4  - 0 . 2 0  - 0 . 4 2  0 . 2 8  - 1 0 . 3 8  1 .  6 4  0  .  0 1  
5  0 . 0 0  0 . 0 0  - 0 .  1 6  - 3  .  6 6  0 . 0 0  0 . 0 0  
6(bi-tLL) 0 . 0 0  0 . 5 9  0 . 0 0  1 4 . 0 5  0 .  0 0  0 . 0 0  
7 CDL+S£t£) 0 . 1 5  0 . 7 6  - 0 . 2 1  1 8 . 2 3  1 H

 
• to

 
to

 

0 .  0 0  
8  1  - 0 . 1 5  0 . 1 2  0 . 2 1  2  .  6 6  1 . 2 3  0 .  0 1  
9  ^  0 . 0 0  0 . 4 4  0 .  1 2  13  .19  0 . 0 0  0 .  0 0  

************** END OF LATEST ANALYSIS RESULT ************** 

7 0 .  L O A D  L I S T  1  T O  5  
7 1 .  P R I N T  J O I N T  D I S P L A C E M E N T S  L I S T  3  4  



M-!Olj P. ? oF 

STEARNS-ROGER DIV.1 TRANSFORMATION OF COORDINATES PROGRAM 

VERTICAL VESSEL 

NOZZLE ORIENTATION = 14.17 DEG 

PIPING LOADS 

DATE 12-15-1994 

TIME 14:09:59 

FupNPice * I - EAST POT 
J O I N T * I  - L o f i D * 6 >  
(DL+LL) 

FXO = 
FYO = 
FZO = 

0.00 LBS 

880.00 LBS 
0.00 LBS 

MX0 
MY0 
MZ0 

1667.50 FT-LBS 
0.00 FT-LBS 
0.00 FT-LBS 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED I 

P (Z) = 0.00 KIPS 

VCCX) = 0.00 KIPS 

VL(Y) = 0.88 KIPS 

MCCY) = 0.00 IN-KIPS 

MLCX) = -19.40 IN-KIPS 

MT(Z) = 4.90 IN-KIPS 



M-IOI> P. lor M2 

STEARNS-ROGER 0IV.1 TRANSFORMATION OF COORDINATES PROGRAM 

DATE 12-14-1994 

TIME 08:58:23 

VERTICAL VESSEL 
FuRNfice *1 - ERST Pot - 2̂ PASS 

Joint * (e>, LORD 
(pL-b SEfSmic) 

NOZZLE ORIENTATION = 338.51 DEG 

PIPING LOADS 

FXO = 
FYO = 
FZO = 

150.00 LBS 
760.00 LBS 

-210.00 LBS 

MX0 
MY0 
MZ0 

1519.16 FT-LBS 
-102.50 FT-LBS 

0.00 FT-LBS 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED I 

P (Z) = 0.14 KIPS 

VC(X) = -0.22 KIPS 

VL(Y) = 0.76 KIPS 

MC(Y) = -1.23 IN-KIPS 

ML(X) = -16.96 IN-KIPS 

MT(Z) = -6.68 IN-KIPS 



A1-IOI, P.IO OF HZ 

STEARNS-ROGER DIV.1 TRANSFORMATION OF COORDINATES PROGRAM 

VERTICAL VESSEL 

NOZZLE ORIENTATION = 14.17 DEG 

DATE 12-14-1994 

TIME 08:52:01 

FURNACE *7- ERST POT -F^PRSJ 
JOINT *L  > LOAO^S 
(pL hseismicS) 

PIPING LOADS 

FXO = 
FYO = 
FZO = 

-170.00 LBS MX0 = 1937.50 FT-LBS 22SSo/l2 
1020.00 LBS MY0 = 111.67 FT-LBS l,34<5//2 
-210.00 LBS MZ0 = 0.83 FT-LBS \0/j Z 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL 0.00 DEG 

ROTATED AND/OR TRANSLATED I 

P (Z) = 0.16 KIPS 

VC(X) = 0.22 KIPS 

VL(Y) = 1.02 KIPS 

MC(Y) = 1.34 IN-KIPS 

MLCX) = -22.55 IN-KIPS 

MT(Z) = 5.68 IN-KIPS 



FORM 5007 REV 4/91 (•?JJo£_mZ. 

b Constructors 
A —ytkoow Company 

GENERAL 
COMPUTATION 

SHEET 

PROJECT FMC CORP. 
SUBJECT <TPnr FLMP RpfiCxPT"; 

F7/K>M/^TF»-1- l A /E5T POT 

CALCULATION SET NO 

M-IOI 
PRELIM FINAL VOID 

SHEET OF 

i o  <? oat 

REV COMP BV 

HL 
DAI 
IQMP&S-

DATE 

DATE 

CHK'D BY 

A 
DATE 

PURNPcP *1- WEST 

Sim & =  ̂ &=3.4S' 
36 

f,N0 = !**!!. 0-33.4' 

0 '* 3CO*- 33,4' = 326-6 



SLURRY POT PUMP BRACKET (FMCP-F1W) 
* FURNACE NO 1 - WEST POT 

PAGE HO. «tlrL~ 3 

M-IOI j p. 12 or Hz 

SUPPORT REACTIONS -UNIT KIPS INCH STRUCTURE TYPE =  SPACE 

JOINT LOAD FORCE-X FORCE-Y FORCE-Z MOM-X MOM-Y MOM Z 

1 
2 
3 
4  
5  
6 
7 
8 
1 
2 
3 
4  
5  

0 ,  
0 .  
0 ,  

00 
00 
0 0  

- 0 . 3 0  
0  .  0 0  
0 
0 , 
0 , 
0 ,  
0 , 
0 .  

0 0  
2 2  
0 0  
0 0  
0 0  
0 0  

- 0 .  1 3  
0 .  0 0  

6 (PL-tLL) 0 . 0 0  
7pL+SEISj> 0 . 1 0  
8  0  .  0 0  

0 ,  
0 .  

• 0 ,  
0 .  
0 , 
0 ,  
0 . 
0 .  
0 . 
0 .  

• 0 ,  
- 0  ,  
0 .  

48 
10 
10 
43 
0 0  
58 
11 
43 
7.8 
10 
16 
43 
0 0  

0 . 8 8  
1 . 0 2  

0 . 0 0  
0 .  0 0  
0 .  0 0  

- 0 . 2 2  
- 0 .  1 6  

0  .  0 0  
0  .  1 6  
0 .  1 2  
0,  
0 .  
0 ,  
0  , 

0 0  
0 0  
0 0  
2 2  

- 0 . 2 6  
0 . 0 0  

7,  
1 .  

41  
58  

- 1 . 4 8  
6 .  6 8  

-3  .  66  
8 . 9 9  
1 . 6 6  
9  . 4 2  

1 6 .  7 2  
2  .  17  

-3  .  34  
- 9  . 2 3  
- 6 .  1 8  
1 8 . 8 9  

- 0 . 1 6  2 1 . 9 7  

0  
0  , 
0  , 
1 ,  
0  
0 ,  

00 
00 
0 0  
40 
00 
00 

-1 .  05  
0 .  0 0  
0 
0  , 
0 ,  
0 ,  
0  . 
0 .  

00 
0 0  
0 0  
90 
00 
00 

- 0 .  6 7  

- 0 . 0 1  
0 .  0 0  
0.  
0 .  
0 .  

0 0  
0 1  
0 0  

-0.01 
-0 . 01 
-0 . 01 

0 .  0 0  
0 .  
0  .  
0  .  
0  .  
0 .  

0 0  
0 0  
0 0  
0 0  
00 

-0. 01 
0 . 7 0  0 . 2 0  1 9 . 6 8  0 .  0 0  - 0 .  0 1  

************** END OF LATEST ANALYSIS RESULT ************** 

6 8 .  L O A D  L I S T  1  T O  5  
6 9 .  P R I N T  J O I N T  D I S P L A C E M E N T S  L I S T  3  4  



M-IOI, P.IZof 

STEARNS-ROGER DIV.1 TRANSFORMATION OF COORDINATES PROGRAM 

VERTICAL VESSEL 

NOZZLE ORIENTATION = 326.60 DEG 

PIPING LOADS : 

FXO 
FYO 
FZO 

0.00 LBS 
880.00 LBS 

0.00 LBS 

MXO 
MYO 
MZO 

1574.17 FT-LBS 
0.00 FT-LBS 
0.00 FT-LBS 

DATE 01-10-1995 
TIME 08:22:39 

FURNACE *1-WEST POT 
JoibJT * -  LOAD 

(DLtLL) 

frness  ̂ °̂r ** CAUCUS 

prOF TP"-* TASPT. 

Lcpos /we LFUJ. 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED I 

p <Z) = 0.00 KIPS 

VC(X) = 0.00 KIPS 

VL(Y) = 0.88 KIPS 

MC(Y) = 0.00 IN-KIPS 

ML(X) = -15.77 IN-KIPS 

MT(Z) = -10.40 IN-KIPS 



M'lOlj P. 14 aF 

STEARMS-ROGER DIV.1 TRANSFORMATION OF COORDINATES PROGRAM 

DATE 12-14-1994 

TIME 11:54:27 

FURNACE *± -  WEST PO T -  \LTPASS 
JOINT *6 - Lono *7 
(pt-i-seismic) 

NOZZLE ORIENTATION = 326.68 DEG 

PIPING LOADS : 

FXO = 100.00 LBS MXO = 1830.83 FT-LBS 
FY0 = 1020.00 LBS MY0 = -55.83 FT-LBS 
FZ0 = -160.00 LBS MZ0 = -0.83 FT-LBS 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED I 

P (Z) = 0.08 KIPS 

VC(X) = -0.17 KIPS 

VL(Y) = 1.02 KIPS 

MC(Y) = -0.67 IN-KIPS 

ML(X) = -18.36 IN-KIPS 

MT(Z) = -12.06 IN-KIPS 



FORM 5007 REV. 4/91 ej£o£m 
it Constructors 
A lUyttre— Company 

GENERAL 
COMPUTATION 

SHEET 

PROJECT FMC. C.ORP. 

SUBJECT . SL Mggz Pn r PvmP ft <?ACK-£ 71T 

FURN Ace -EAST P&T 

CALCULATION SET NO 

M-/OJ 
PRELIM FINAL VOID 

SHEET OF 

10 9353.00! 

REV COMP BY 

DAT 

!Z//S/<74-
DATE 

DATE 

CHK'D BY 

-7>£%z 
DATE 

DATE 

FUf?NAcs *Z-ErtST 

0" 2?.w° 

Cty4.)*IB0'+2ZM's 202.W' 

kcou(+) 

Lt=r TH£S~(Z Rt/rtS £srrtC2L/SM m/tv, THhz / 

F u r n a c e  * 2  e i s r  f a r  



"A 

SLURRY POT PUMP BRACKET (FMCP-F4E) 
* FURNACE 0 - EAST SLURRY POT 

SUPPORT REACTIONS -UNIT KIPS INCH STRUCTURE TYPE =  

PAGE NO.  6*i  3  

A1-IOI, /? / ̂  oetfZ 

SPACE 

JOINT 

13  

14  

LOAD FORCE-X FORCE-Y FORCE-Z MOM-X MOM-Y MOM Z 

1  0 . 0 2  0 . 6 5  0 .  00  - 1 5 . 0 4  0 . 0 1  - 0 . 4 2  
2  0 . 0 0  0 .  08  0 .  00  - 2 . 3 5  0 .  00  - 0 . 0 6  
3  0 . 0 0  - 0 . 1 3  0 .  00  3  .  01  0 . 0 0  0 .  08  
4  - 0 . 2 4  - 0 . 5 4  0 . 4 6  - 3 4 . 5 8  -0  .  05  - 1 . 8 3  
5 -  0 . 0 0  0 . 0 0  - 0 . 2 2  7 . 4 6  - 0 . 0 1  0  .  00  
6  0 . 0 2  0 . 7 3  0 .  00  - 1 7 . 3 9  0  . 0 1  - 0 . 4 9  
7  0 . 2 0  0 . 9 9  - 0 . 3 5  1 2  . 4 0  0  .  04  1 .  00  
8  0 . 0 1  0  .  59  - 0 .  1 6  - 7 . 9 4  0 .  00  - 0 . 3 8  
1  - 0 . 0 2  0 . 8 9  0  .  00  - 2 0 . 2 8  -0  .  02  0 . 1 1  
2  0 . 0 0  0  .  12  0  .  00  - 3 . 2 5  0 .  00  0  .  01  
3  0 . 0 0  -0  .18  0  .  00  4  .  06  0 .  00  -0  .  02  
4  - 0 . 2 8  0 . 5 4  - 0 . 4 6  34  .  58  0  .  02  -6  .  52  
5  0  .  00  0 .  00  - 0 . 3 1  1 4 . 8 3  0  .  02  - 0 .  0 2  

vr" 6 fr)L+U-)— 0  . 0 2  —  1 . 0 2  0 . 0 0  - - 2 3 . 5 4  - 0 . 0 2  0 . 1 1  
7  foc+sm) 0. 2 0  0 . 4 0  0 . 3 5  -44 .19  - 0 .  0 3  4  .  99  
8  "  - 0 . 0 1  6 . 6 6  - 0 . 2 3  - 7 . 1 3  0 . 0 0  0 .  08  

************** END OF LATEST ANALYSIS RESULT ************** 

7 8 .  L O A D  L I S T  6  T O  8  
7 9 .  P R I N T  J O I N T  D I S P L A C E M E N T S  



M-ioi, p. n o/= 

STEARNS-ROGER DIV.1 TRANSFORMATION OF COORDINATES PROGRAM 

DATE 12-15-1994 

TIME 15:36:38 

FuRNfice *2 - EAST POT 
VER::^.!E!!!' JOINT + 14 - Lono 

(OL +LL) 
NOZZLE ORIENTATION = 202.80 DEG 

PIPING LOADS : 

FXO = -20.00 LBS MX0 = -1961.67 FT-LBS 
FY0 = 1020.00 LBS MY0 = -1.67 FT-LBS 
FZ0 = 0.00 LBS MZ0 = 9.17 FT-LBS 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED LOADS : 

P (Z) = 0.01 KIPS 

VC(X) = -0.02 KIPS 

VL(Y) = 1.02 KIPS 

MC(Y) = -0.02 IN-KIPS 

ML(X) = -21.66 IN-KIPS 

MT(Z) = 9.22 IN-KIPS 



STEARNS-ROGER DIV.1 TRANSFORMATION OF COORDINATES PROGRAM 

DATE 12-15-1994 

TIME 15:38:43 

F~JRNACB *2- EAST POT 
:ER::^.VESSE. JO,N LOAD *7 

(pL+se~Jsmtc) 
NOZZLE ORIENTATION = 202.80 DEG 

PIPING LOADS : 

FXO = 200.00 LBS MX0 = -3682.50 FT-LBS 
FY0 = 400.00 LBS MY0 = -2.50 FT-LBS 
FZ0 = 350.00 LBS MZO = 415.83 FT-LBS 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED LOADS : 

P (Z) = 0.25 KIPS MC(Y) = -0.03 IN-KIPS 
VC(X) = 0.32 KIPS ML(X) = -38.80 IN-KIPS 
VL(Y) = 0.40 KIPS MT(Z) = 21.72 IN-KIPS 



FORM 5007 REV. 4/91 P. or /? 2_ 

Si Constructors 
A MyWwMi Company 

GENERAL 
COMPUTATION 

SHEET 

PROJECT 

SUBJECT 

FMC, Corp 

Fujprv Par PUMP BMCKETS 

FURNACE *Z- WEST POT 

CALCULATION SET NO 

M-ror 
PRELIM FINAL VOID 

SHEET OF 

JO 9353.00/ 

REV COMP BY 

DATE 

l2/)SlW 

DATE 

CHK'D BY 

M. CHUCK C7 Pfdk> 

SS 

DATE 

FUr?NAC£*Z-WES\ 

S/NF* ,0'43r = / £ •«" '  
36" 

Fin <p = 11.563" <p = 13-73° 
36" 

(p'*366>°-18.73° = 3 41.2 7° 



SLURRY POT PUMP BRACKET (FMCP-F2W) 
* FURNACE NO 2 - WEST POT 

PAGE NO. Go—9 

M-ioi} p Zo of 112 

SUPPORT REACTIONS -UNIT KIPS INCH STRUCTURE TYPE — SPACE 

JOINT LOAD FORCE-X FORCE-Y FORCE-Z 

1  
2 
3 
4  
5  
6 
7 
8 
1 
2 
3 
4  
5  

0 .  0 0  
0 . 0 0  
0 .  0 0  

- 0 . 2 1  
0 .  00 
0. 
0 , 
0 . 
0 
0, 
0 

0 0  
16 
00 
0 0  
0 0  
0 0  

- 0 . 2 1  
0 .  0 0  

6  (DL+LL) 0 . 0 0  
7fnL +  fa< )  0 . 1 6  
8  0 . 0 0  

0, 
0 

•0 
0 
0 
0 
0  
0  
0  
0  

-0  
-0  
0  

48  
10 
10 
43 

,  00 
,  58  
. 11 
. 4 3  
. 7 8  
. 10 
.  16 
. 4 3  
.  0 0  

0 . 0 0  
0 .  0 0  
0 .  0 0  

- 0  .  2 2  
- 0 . 1 6  

0  .  0 0  
0 . 1 7  
0 . 1 2  
0 . 0 0  

0 0  
. 0 0  
2 2  

0 . 8 8  
- 0 . 2 6  

0 .00  

MOM-X 

8 . 3 5  
1 . 7 8  

-1 .  67  
7 . 5 3  

-3  .  66  
1 0 .  1 2  

1 . 8 6  
1 0  . 2 6  
1 3 . 6 2  

1 . 7 7  
- 2 . 7 2  
-7  .  53  
- 6 . 1 9  
1 5 . 4 0  

1 . 0 2  
0 . 7 0  

-0 .17  
0 . 2 0  

17^91 
1 6 . 9 0  

MOM-Y 

0 .  0 0  
0 . 0 0  

00 
17 
0 0  
00 

-0  .  87  
0 . 0 0  
0.  
0  .  
0 .  
1 .  
0 .  
0 .  

0 0  
0 0  
0 0  
17 
0 0  
00 

- 0 . 8 7  
0 . 0 0  

MOM Z 

0 . 0 0  
0 .  00 

0 0  
01 

,  0 0  
.  00 

- 0 . 0 1  
0 .  00 

0 0  
00 
0 0  
0 0  

0 . 0 0  
0 . 0 0  
0 .  0 0  
0 .  0 0  

* *  ************ END OF LATEST ANALYSIS RESULT ************** 

6 8 .  L O A D  L I S T  1  T O  5  
6 9 .  P R I N T  J O I N T  D I S P L A C E M E N T S  L I S T  3  4  



STEARNS-ROGER DIV.1 TRANSFORMATION OF COORDINATES PROGRAM 

DATE 12-15-1994 

TIME 08:53:12 

VERTICAL VESSEL 

NOZZLE ORIENTATION = 341.27 DEG 

FURNACE *Z -WEST POT 
J O I N T  -  L O R D  *  7  
(pL+SEfj)  

PIPING LOADS 

FXO = 
FYO = 
FZO = 

160.00 LBS 
1020.00 LBS 
-170.00 LBS 

MX0 
MYO 
MZO 

1492.50 FT-LBS 
-72.50 FT-LBS 

0.00 FT-LBS 

I l°IIO/lZ 
-07(9//2 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED I 

P (Z) = 0.11 KIPS 

VC(X) = -0.21 KIPS 

VL(Y) = 1.02 KIPS 

MC(Y) = -0.87 IN-KIPS 

ML(X> = -16.96 IN-KIPS 

MT(Z) = -5.75 IN-KIPS 



STEARNS-ROGER DIV-1 TRANSFORMATION OF COORDINATES PROGRAM 

VERTICAL VESSEL 

NOZZLE ORIENTATION = 341.27 DEG 

DATE 12-15-1994 

TIME 14:26:37 

Furnace *Z-V/esr par 

Joint - Load *&> 

(DLt-LL) 

PIPING LOADS 

FXO = 
FYO = 
FZO = 

0.00 LBS 
880.00 LBS 

0.00 LBS 

MX0 = 
MY0 = 
MZ0 = 

1283.33 FT-LBS 
0.00 FT-LBS 
0.00 FT-LBS 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED I 

P (Z) = 0.00 KIPS 

VC(X) = 0.00 KIPS 

VL(Y) = 0.88 KIPS 

MC(Y) = 0.00 IN-KIPS 

ML(X) = -14.58 IN-KIPS 

MT(Z) = -4.95 IN-KIPS 



FORM 5007 REV. 4/91 * N? 

2i Constructors 
Afllttlllll Company 

GENERAL 
COMPUTATION 

SHEET 

PROJECT FMC. Fbfff? 

SUBJECT <7 URRY. POT PUMP BRACKETS 

CALCULATION SET NO 

F M-IOI 
PRELIM FINAL VOID 

SHEET OF 

i o  IZSJAOI 

REV COMP BY 

M.PH 
DATE 

!2h£l3A 
DATE 

CHK D BY 

DATE 

DATE 

FURNACE. *3 - EAST ROT 
* \j" 

FURNACE * ? - EES'. 

-9.-33.31' 
3c" 

FIN<P= / gp" F =3.4-8" 
36" 

(P '•=. 3C>0°— 3.4-8°- 356.52° 



SLURRY POT PUMP BRACKET (FMCP-F3E) 
* FURNACE NO 3 - EAST POT 

P f l i Q D  H O .  r > -  j  

M'LOL, F?Z4-0RLLZ 

SUPPORT REACTIONS -UNIT KIPS INCH STRUCTURE TYPE = SPACE 

JOINT LOAD FORCE-X FORCE-Y FORCE-Z MOM-X MOM-Y MOM Z 
1 1 

2 
3 
4 
5 

" 6  
7 

0 . 00 
0.00 
0. 00 

-0. 14 
0 . 00 
0.00 
-0.10 

0.78 
0. 10 

-0.16 
0.43 
0. 00 
0.88 
1 0 7  

0. 00 
0. 00 
0 . 00 
-0.22 
-0.26 
0. 00 

16. 14 
2 .10 

-3.23 
8 .91 
-6. 19 
18.23 

0 . 00 
0.00 
0 . 00 
0.94 
0. 00 
0 . 00 

0. 00 
0. 00 
0. 00 
0.00 
0.00 
0.00 

6 
8 
1 
2 
3 
4 
5 
6 
7 
8 

0.00 
0 . 00 
0 . 00 
0 . 00 

-0.29 
0 . 00 
0 . 00 

-0.22 
0 . 00 

0.70 
0.48 
0. 10 

-0. 10 
-0.43 
0 . 00 
0. 58 
0. 11 
0.43 

U • LO 
0.20 
0 . 00 
0. 00 
0 . 00 
0.22 

-0. 16 
0.00 
0.16 
0.12 

21.20 
19. 16 
7.52 
1. 60 

-1.50 
-6.78 
-3 . 66 
9. 13 
1. 68 
9.52 

0.71 
0.00 
0 . 00 
0. 00 
0 . 00 
1.37 
0 . 00 
0 . 00 
1. 03 
0. 00 

0. 01 
0. 01 
0.01 
0. 00 
0. 00 
0. 01 
0 . 00 
0.01 
0. 01 
0.01 

************** END OF LATEST ANALYSIS RESULT ************** 

68. LOAD LIST 1 TO 5 
69. PRINT JOINT DISPLACEMENTS LIST 3 4 



M-IOI,  f iZSor 
STEARNS-ROGER DIV.1 TRANSFORMATION OF COORDINATES PROGRAM 

VERTICAL VESSEL 

DATE 12-15-1994 
TIME 09:41:53 

ruRHflcE * 3 - E A S T  P O T  
J oint *1. ~  LofiD # 7  
(dl -b seismic) 

NOZZLE ORIENTATION = 33.39 DEG 

PIPING LOADS 

FXO 
FYO 
FZO 

-100.00 LBS 
1020.00 LBS 
-160.00 LBS 

MX0 
MY0 
MZ0 

1766.67 FT-LBS 
59.17 FT-LBS 
0.00 FT-LBS 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED I 

P (Z) = 0.08 KIPS 

VCCX) = 0.17 KIPS 

VL(Y) = 1.02 KIPS 

MC(Y) = 0.71 IN-KIPS 

ML(X) = -17.70 IN-KIPS 

MT(Z) = 11.67 IN-KIPS 



M-101, F?26>OR IQZ 

STEARNS-ROGER DIV.1 TRANSFORMATION OF COORDINATES PROGRAM 

DATE 12-15-1994 
TIME 14:30:57 

* 3 - East Pot 
- LOGO *&> 

NOZZLE ORIENTATION = 33.39 DEG 

PIPING LOADS : 

FXO = 0.00 LBS MXO = 1519.17 FT-LBS 
FYO = 880.00 LBS MY0 = 0.00 FT-LBS 
FZO = 0.00 LBS MZO = 0.00 FT-LBS 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

VERTICAL VESSEL 
FURNACE 

JOINT *1 

(pL +ll) 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED I 

P (Z) = 0.00 KIPS 

VC(X) = 0.00 KIPS 

VL(Y) = 0.88 KIPS 

MC(Y) = 0.00 IN-KIPS 

ML(X) = -15.22 IN-KIPS 

MTCZ) = 10.03 IN-KIPS 



FORM 5007 REV. 4/91 

St Constructors 
A Raytfieoci Company 

GENERAL 
COMPUTATION 

SHEET 

PROJECT _ FMC C nr?P 

SUBJECT £LU£RYPRRR 9UM£3R^ 

CALCULATION SET NO 

M-/OL 
PRELIU FINAL VOID 

SHEET OF 

'  0  7  ?  T  ?  OO/ 

REV COUP BY 

NI •M%R 
DATE 

I -Z/T'SIOY 

DATE 

CHK'D BY 

I/Z^S 

DATE 

FURNACE #3 - WEST POT FURNACE *3-UJF 

lV" 
&/*&) A 

< r '  

0's. 36>0°-7.68° = 3SZ.3Z 



SLURRY POT PUMP BRACKET (FMCP-F3W) 
* FURNACE NO 3 - WEST POT 

PACE NO .  rj% • 3 

M-tO /, 28 or tfZ 

SUPPORT REACTIONS -UNIT KIPS INCH STRUCTURE TYPE = SPACE 

LOAD FORCE-X FORCE-Y FORCE-Z MOM-X MOM-Y MOM Z 

1 0 . 00 0 .48 0 . 00 9.78 0.00 0. 00 
2 0 . 00 0.10 0 . 00 2 . 07 0 . 00 0. 00 
3 0.00 -0. 10 0. 00 -1.96 0 . 00 0. 00 
4 -0.15 0.43 -0.22 8 .80 0 .98 0 .01 
5 0. 00 0 . 00 -0. 16 -3 . 65 0 . 00 0.00 
6 0. 00 0.58 0.00 11. 85 0. 00 0. 00 
7 /BU-FAS) -O.II 0.75 -0.17 15.40 0.73 0.00 
8 0.11 0 .11 0. 17 2 .20 -0.73 0.00 
9 0 . 00 0 .43 0. 12 11. 54 0 . 00 0 . 00 
1 0.00 0.78 0 . 00 12 . 47 0 . 00 0 . 00 
2 0.00 0 . 10 0 . 00 1. 63 0 . 00 0.00 
3 0 . 00 -0. 16 0 . 00 -2.49 0 . 00 0 . 00 
4 -0 . 28 -0 .43 0 .22 -6 . 89 1.37 0 .01 
5 0. 00 0 . 00 -0.26 -6.20 0.00 0 . 00 

* 6  ^  0 . 0 0  0 . 8 8  • "  0 . 0 0  1 4  .  1 0  0. 0 0  0.00 
7 -0.21 0.38 0.17 6.05 1. 03 0.01 H

 
CM • 

0
 

1
 

€
 

00 

1 . 0 2  -0.17 1 6 . 3 9  -1.03 0.00 
9  o

 
• o

 
o

 

0.70 0.20 

00 in RH 0.00 o
 

o
 

o
 

************** END OF LATEST ANALYSIS RESULT ************** 

70. LOAD LIST 1 TO 5 
71. PRINT JOINT DISPLACEMENTS LIST 3 4 



M-lOlj tfZPf or 
STEARNS-ROGER DIV.1 TRANSFORMATION OF COORDINATES PROGRAM 

DATE 12-15-1994 
TIME 14:41:29 

VERTICAL VESSEr FURNACE *3 - WEST PO T 
JOINT - LOAD**CO 

(DL+LL) 

NOZZLE ORIENTATION = 352.32 DEG 

PIPING LOADS : 

FXO = 0.00 LBS MXO = 1175.00 FT-LBS 
FY0 = 880.00 LBS MY0 = 0.00 FT-LBS 
FZ0 = 0.00 LBS MZ0 = 0.00 FT-LBS 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED I 

P (Z) = 0.00 KIPS 

VC(X) = 0.00 KIPS 

VL(Y) = 0.88 KIPS 

MC(Y) = 0.00 1N-KIPS 

ML(X) = -13.97 IN-KIPS 

MT(Z) = -1.88 IN-KIPS 



M'LOL /?30ERIQZ 

STEARNS-ROGER DIV.1 TRANSFORMATION OF COORDINATES PROGRAM 

VERTICAL VESSEL 

DATE 12-15-1994 
TIME 11:21:15 

FURNACE *3- WEST POT 
JOINT#6> - LOAD #& 

(DL +-SEISMIC) 

NOZZLE ORIENTATION = 352.32 DEG 

PIPING LOADS 

FXO = 
FYO = 
FZO = 

210.00 LBS 
1020.00 LBS 
-170.00 LBS 

MX0 
MY0 
MZ0 

1365.83 FT-LBS 
-85.83 FT-LBS 

0.00 FT-LBS 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED I 

P (Z) = 0.14 KIPS 

VCCX) = -0.23 KIPS 

VL(Y) = 1.02 KIPS 

MC(Y) = -1.03 IN-KIPS 

ML(X) = -16.24 IN-KIPS 

MT(Z) = -2.19 IN-KIPS 



STEARNS-ROGER DIV.1 TRANSFORMATION OF COORDINATES PROGRAM M-I0I, #3! M2 

VERTICAL VESSEL 

DATE 12-15-1994 
TIME 11:16:51 

FURNACZ #3 - WEST POT 
JOINT *1 - LOGO #7 
(DL F seismic) 

NOZZLE ORIENTATION = 28.52 DEG 

PIPING LOADS 

FXO = 
FYO = 
FZO = 

-110.00 LBS 
750.00 LBS 

-170.00 LBS 

MX0 
MY0 
MZ0 

1283.33 FT-LBS 
60.83 FT-LBS 
0.00 FT-LBS 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED I 

P (Z) = 0.10 KIPS 
VC(X) = 0.18 KIPS 
VL(Y) = 0.75 KIPS 

MC(Y) = 0.73 IN-KIPS 

ML(X) = -13.53 IN-KIPS 

MTCZ) = 7.35 IN-KIPS 



FORM 5007 REV. 4/91 /?32ORTF2 

b Constructors 
A Raytheon Company 

GENERAL 
COMPUTATION 

SHEET 

PROJECT F~FlG . COtfP 

si 1R.IFCT <J/ip#Y Por Pump /3RACK-E73-

FURNACF #4 - E/)ST PO T 

CALCULATION SET NO 

M-/0/ 
PRELIM FINAL VOID 

SHEET OF 

t o  135? OA! 

REV COMP BY 

DATE 

/^/ryy 

DATE 

CHK'D BY 

MSV/JT -
DATE 

DATE 

EVRNBCEL 

II __ n 

S > N & =  ^ • & -  -  2 1 . 1 7  °  

0C(i3Fl2O°-2l/7o- 158.33' 
&(/4j= /%0°+2/'l7°= 201-17° 

CW*t+) 



SLURRY POT PUMP BRACKET (FMCP-F4E) 
* FURNACE 4 - EAST SLURRY POT 

P A G E  H O .  2  

M-IOI, # 33 ORMZ 

S U P P O R T  R E A C T I O N S  - U N I T  K I P S  I N C H  S T R U C T U R E  T Y P E  =  S P A C E  

1 3  

1 4  

L O A D  F O R C E - X  F O R C E - Y  F O R C E - Z  M O M - X  M O M - Y  M O M  Z  

1  0 .  0 2  0 . 6 5  0 . 0 0  - 1 5 . 0 4  0 . 0 1  - 0  . 4 2  
2  0 . 0 0  0 .  0 8  0 .  0 0  - 2 . 3 5  0 . 0 0  - 0 . 0 6  
3  0 .  0 0  - 0 .  1 3  0 .  0 0  3  .  0 1  0  .  0 0  0  .  0 8  
4  - 0 . 2 4  - 0 . 5 4  0 . 4 6  - 3 4 . 5 8  - 0 .  0 5  - 1 .  8 3  
5  0  .  0 0  0  .  0 0  - 0  .  2 2  7  . 4 6  - 0 .  0 1  0 . 0 0  
6  0 . 0 2  0 . 7 3  0 . 0 0  - 1 7 . 3 9  0 . 0 1  - 0  . 4 9  
7  0 . 2 0  0 . 9 9  - 0  . 3 5  1 2  .  4 0  0  .  0 4  1 .  0 0  
8  0 . 0 1  0 . 5 9  - 0 .  1 6  - 7 . 9 4  0  .  0 0  - 0 . 3 8  
1  - 0 . 0 2  0 . 8 9  0 . 0 0  - 2 0 . 2 8  - 0  .  0 2  0  .  1 1  
2  0 . 0 0  0 .  1 2  0 . 0 0  - 3  . 2 5  0  .  0 0  0  .  0 1  
3  0 . 0 0  - 0  .  1 8  0 . 0 0  4  .  0 6  0 .  0 0  - 0  .  0 2  
4  - 0 . 2 8  0 . 5 4  - 0 . 4 6  3 4  .  5 8  0 .  0 2  - 6 . 5 2  
5  0  .  0 0  0 .  0 0  - 0 . 3 1  1 4 . 8 3  0 .  0 2  - 0  .  0 2  

«SST- 6  (DLHJL) - 0 . 0 2  "  1 . 0 2  .  -  0 . 0 0  - 2 3 . 5 4  - 0 .  0 2  0 . 1 1  
IA 1

 
o
 

• to
 

1
°
 o

 • 

o
 0 . 3 5  - 4 4 . 1 9  - 0 .  0 3  4.99 

8  - 0 . 0 1  O.SO - 0 . 2 3  - 7 .  1 3  

o
 

o
 

• 

o
 0 .  0 8  

* * * * * * * * * * * * * *  E N D  O F  L A T E S T  A N A L Y S I S  R E S U L T  * * * * * * * * * * * * * *  

7 8 .  L O A D  L I S T  6  T O  8  
7 9 .  P R I N T  J O I N T  D I S P L A C E M E N T S  



M-IOIJ FT34OR,192 

STEARNS-ROGER DIV.1 TRANSFORMATION OF COORDINATES PROGRAM 

VERTICAL VESSEL-

NOZZLE ORIENTATION = 201.17 DEG 

DATE 12-15-1994 
TIME 14:52:15 

FURNACE *4 -  EAST POT 

JOIN r*l4- LORD * 6> 

(pc-hLL) 

PIPING LOADS 

FXO = 
FYO = 
FZO = 

-20.00 LBS 
1020.00 LBS 

0.00 LBS 

MX0 
MY0 
MZ0 

-1961.67 FT-LBS 
-1.67 FT-LBS 
9.17 FT-LBS 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED I 

P (Z) = 0.01 KIPS 

VC(X) = -0.02 KIPS 

VL(Y) = 1.02 KIPS 

MC(Y) = -0.02 IN-KIPS 

ML(X) = -21.91 IN-KIPS 

MT(Z) = 8.60 IN-KIPS 



M-TOL, P 3SO^ 

STEARNS-ROGER DIV.1 TRANSFORMATION OF COORDINATES PROGRAM 

VERTICAL VESSEL 

NOZZLE ORIENTATION = 201.17 DEG 

PIPING LOADS 

DATE 12-15-1994 
TIME 14:57:26 

FURNACE- *4-  EAST POT 
JoiMT *14 - LOAD # 7 

(OL tSEismto) 

FXO = 
FYO = 
FZO = 

200.00 LBS 
400.00 LBS 
350.00 LBS 

MX0 
MY0 
MZ0 

-3682.50 FT-LBS 
-2.50 FT-LBS 

415.83 FT-LBS 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED I 

P (Z) = 0.25 KIPS 

VC(X) = 0.31 KIPS 

VL(Y) = 0.40 KIPS 

MC(Y) = -0.03 IN-KIPS 

ML(X) = -39.41 IN-KIPS 

MT(Z) = 20.61 IN-KIPS 



FORM 5007 REV. 4/91 

United Engineers 
2» Constructors 
A UyWww Company 

GENERAL 
COMPUTATION 

SHEET 

PROJECT _ EMC,rvKP 

SUBJECT SLUMY FO R PUMP FT PACKETS 

CALCULATION SET NO 

M - f O /  
PRELIM FINAL VOID 

SHEET OF 

)  Q  92^2 OOF 

REV COMP BY CHK D BY 

M C ? >  * 
DATE DATE 

DATE DATE 

FUPMACE *4- WEST POT &4- SSEST 

36" 

C A 5.8(3' SIN <p -

0=23.2! 

<p= 12.53° 

<p'-3CO°- 12.53° -347.  47° 



SLURRY POT PUMP BRACKET (FMCP-F4W) 
* FURNACE NO 4 - WEST POT 

P A G E  N O .  Q t f  3  

M'lOJ, f? 37 or 192 

SUPPORT REACTIONS -UNIT KIPS INCH STRUCTURE TYPE = SPACE 

JOINT LOAD FORCE-X FORCE-Y FORCE-Z 

1 
2 
3 
4 
5 
6 

0 0  
0 0  
0 0  

-0. 19 
0 .  0 0  
0 .  0 0  

7 (DLiiasm& 0 .14 
8 
9 
1  
2 
3 
4 
5 

"€ (PL+LL) 

0 ,  
0 .  
0 .  
0 
0 . 

14 
0 0  
00 
0 0  
0 0  

-0.24 
0  .  0 0  
0 .  0 0  

7 -0.18 
8  (BL+S&J) 0  . 1 8  
9 ~ 0.00 

48 
10 

- 0 .  1 0  
0.42 
0 .  
0 ,  
0 , 

0 0  
58 
75 

0 .  1 2  
0 . 44 
0.78 
0 .  1 0  

- 0 .  1 6  
-0.42 

0 . 0 0  
0 . 8 8  

0 0  
0 0  
0 0  

- 0 . 2 6  
- 0 .  1 6  

0  .  0 0  
- 0 . 2 0  

2 0  
12 
0 0  
0 0  
00 
2 6  

- 0 . 2 6  
0 .  0 0  

MOM-X 

10.75 
2.27 

-2. 15 
9 . 64 
-3.66 
13 . 02 
16.91 
2 . 44 

12.42 
15.96 

2 .  08 
-3 .19 
-8.79 
-6.19 
18.03 

0.38 
1 . 0 2  

0 . 2 0  
- 0 . 2 0  

7.77 
20.96 

0.70 0 . 2 0  19.01 

MOM-Y 

0 . 0 0  
0 . 0 0  
0 .  0 0  
1.42 
0 . 0 0  
0  .  0 0  
1.07 
-1. 07 

0 .  0 0  
0 . 
0 . 
0. 
1 
0 , 
0 

0 0  
0 0  
0 0  
6 2  
00 
00 

1.21 
2_1 

0 . 0 0  

MOM Z 

0  .  0 0  
0 .  0 0  
0  .  0 0  
0 .01  
0  .  0 0  
0 .  0 0  
0 . 0 0  

- 0 . 0 1  
0  .  0 0  
0. 
0. 
0 , 
0 , 
O, 

0 0  
0 0  
0 0  
01 
00 

0 .  0 0  
0 . 0 1  

0 .  0 0  

************** END OF LATEST ANALYSIS RESULT ************** 

70. LOAD LIST 1 TO 5 
71. PRINT JOINT DISPLACEMENTS LIST 3 4 



M-LAI,P.38 W?Z 

STEARNS-ROGER DIV.1 TRANSFORMATION OF COORDINATES PROGRAM 

VERTICAL VESSEL 

DATE 12-15-1994 
TIME 11:54:16 

FURNACE n L i -  WEST POT 
JOINT1*'I " LOAD *7 
(DL -HFEISMIC) 

NOZZLE ORIENTATION = 23.21 DEG 

PIPING LOADS 

FXO = 
FYO = 
FZO = 

-140.00 LBS 
750.00 LBS 

-200.00 LBS 

MX0 
MY0 
MZ0 

1409.17 FT-LBS 
89.17 FT-LBS 
0.00 FT-LBS 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED LOADS : 

P (Z) = 0.13 KIPS 

VC(X) = 0.21 KIPS 

VL(Y) = 0.75 KIPS 

MC(Y) = 1.07 IN-KIPS 

ML C X) = -15.54 IN-KIPS 

MT(Z) = 6.66 IN-KIPS 



STEARNS-ROGER DIV.1 TRANSFORMATION OF COORDINATES PROGRAM 

VERTICAL VESSEL 

NOZZLE ORIENTATION = 347.47 DEG 

DATE 12-15-1994 
TIME 14:46:18 

FURNFTCE *4-' P° 

JOIM r * <£> - LCAO 
(DL i-LL) 

PIPING LOADS 

FXO = 
FYO = 
FZO = 

0.00 LBS 
880.00 LBS 

0.00 LBS 

MX0 
MYO 
MZO 

1502.50 FT-LBS 
0.00 FT-LBS 
0.00 FT-LBS 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED I 

P (Z) = 0.00 KIPS 

VC(X> = 0.00 KIPS 

VL(Y) = 0.88 KIPS 

MC(Y) = 0.00 IN-KIPS 

ML(X) = -17.60 IN-KIPS 

MUZ) = -3.91 IN-KIPS 



M-IOI, P. 40 or TFZ 

STEARNS-ROGER DIV.1 TRANSFORMATION OF COORDINATES PROGRAM 

VERTICAL VESSEL 

NOZZLE ORIENTATION = 347.47 DEG 

PIPING LOADS : 

DATE 12-15-1994 
TIME 11:58:49 

FunmcE *4 - WEST Per 
JOINT*6> - Lofio#s 
(PL +seisrr)ic) 

FXO = 180.00 LBS MXO 
FYO = 1020.00 LBS MY0 
FZ0 = -200.00 LBS MZ0 

1746.67 FT-LBS 
-100.83 FT-LBS 

-0.83 FT-LBS 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED I 

P (Z) = 0.16 KIPS 

VC(X) = -0.22 KIPS 

VL(Y) = 1.02 KIPS 

MCCY) = -1.21 IN-KIPS 

ML(X) = -20.46 IN-KIPS 

MT(Z) = -4.54 IN-KIPS 



FORM 5007 REV 4/91 PDHRMZ 

Raytheon 
Engineers & Constructors 

GENERAL 
COMPUTATION 

SHEET 

PROJECT _ EMU CORE 

SUBJECT CIUQPV FOR P(/TWP (3PACKC7S 

/Furnace *4-EAST P0r7 

CALCULATION SET NO 

M-LOI 
PRELIM FINAL VOID 

SHEET OF 

J O 7353. O0/ 

REV 

HCGWE 

COMP BY 

DATE 

I2/EE/»9 

DATE 

CHK'D BY 

CT&AJ 

3 2  

DATE 

> 

\ 

JOINT *1 -LOAD JPLTLL) 

^>/Q" THK. SH£U- IS OK 
.2SO* THK. SHCLL IS MINIMUM ALLOCxs/HSLE : 

MAX. MEM/2RARE STRESS (CIRCVMF) 
287 AS! + //,S79 AS/ = /I, 206 PS/ < /-/X 12,700 = '3<770AS F 

MAX. JURFACF STRESS (LONF/T) 

/ 44PS! + 32,296 = 38 440 PSI % 3.Oxl2JP00 - 38JS0 psi 

JOINT *1 ' LOFD *8 (PL + se/sm/c) 
2/8° THK. SHELL IS OK 
O* 290 " rhiK, SHELL is miNi/niyrx? ALLOIMACLE : 

MAX. MEMRRANE STRESS (OIROXRF/ 
2 4 7  P S !  4  9 2 3 0  P S /  -  3  2 S P S I  =  % 7 S 8 I ° S I  * 1 , 1 x \ZJOO = 13,970P& X 
-3ZSW- 9ZZ& PS! « -10,16175! 
MAX- SURFACE FTP ESS (LONF/T.) 

—38, O23PS! - -38, OZSPSI * 3.OXL2?O0 = 32,MOW 

JOINT - LOAD *7 (DL* SE/SM/C) 
1/8" TUN. SHELL IS OK 

0.240* rHK SHELL /S /A/M/RH/AP ALLOCA/AALE ; 
MAX. MEMERANE STRESS (CIRCUMF.) 
2 9 9 PS I T II, O 3OPST ~407PSI - JO,922PS/ < /.LXJ20OO - 13,970 FSI 

- II, 030PSI' 4O7PS1 - -RI 427PSI ^ 

MAX. SURFACE STRESS (loneIT.) 

- 31,2 47PS/ =-37,847PS/ 3.O«)2,7O0 -38,/OOPS/ 

CRJT1C//L LOAD COM D) T!OM'M!N, THK< = 0, ?9(M 
/4PP<- IES 7"o FURNA oE * / ERST & WEST PoT 

FURNACE *2 WEST por 
FURNACE #2 EAST F2/CST PoT 



FORM 5007 REV. 4/91 R 4ZOFH 2 
United Engineers 
it Constructors 
A liytlmn Company 

GENERAL 
COMPUTATION 

SHEET 

PROJECT _ EMC.CQ££. 
q i i R I F R T -Ei 7/?/7y FLtNtP fj/?4)GK£TS 

FUMCE T- EftST POT A" x' 

CALCULATION SET NO 

M- ID 
' 

PRELIM FINAL <• VOID 

SHEET OF 

JO 13S3.00! 

R E V  C O M P  B Y  

&MJI 
DATE 

12/14/14-

DATE 

CHK'D BY 

DATE 

DATE 

^ 2 

F,N-E>= S§|^" •E-'M.D 

<p *21.41 

(p = 3CO-2/. /I -- 57' 

L_£T R/S£SE R?USJS £SR/1(?L/SH M//V. 7~/V/C. RE?R\ 

FU R . N A C  * ±  

FUpNACE *•1 
FURNACE * 2 

F U R N A C E  # 3  

F U R N A C E  * 3  

EAST Par 
WEST PoT 
WEST PaT 
EAST por 
WEST par 



,SLURRY POT PUMP BRACKET (FMCP-F1E) 
* FURNACE NO 1 - EAST POT 

PAGE MO>3g—3.  
M-IOI, p. 43 or pf2 

SUPPORT REACTIONS -UNIT KIPS INCH STRUCTURE TYPE = SPACE 

JOINT LOAD FORCE-X FORCE-Y FORCE-Z MOM-X MOM-Y MOM Z 

1  1 o . O O  0 . 7 8  0 . 0 0  1 7 . 7 1  0 . 0 0  0 . 0 0  
2  0 . 0 0  0 . 1 0  0 . 0 0  2 . 3 0  0 . 0 0  0 . 0 0  
3  0 . 0 0  - 0 . 1 6  0 . 0 0  - 3 . 5 4  0 . 0 0  0 . 0 0  
4  - 0 . 2 3  0 . 4 2  - 0 . 2 8  9 . 7 4  1 . 7 9  0 . 0 1  
5  0 . 0 0  0 . 0 0  - 0 . 2 7  - 6 . 1 9  0 . 0 0  0 . 0 0  
f i t D L + L L )  0 . 0 0  0 . 8 8  0 .  0 0  2 0 . 0 1  Q  .  0 0  0  .  0 0  
7  (DLi-SaS) 0 . 1 7  0  . 3 8  0 . 2 1  8  .  6 3  - 1 . 3 4  - 0 . 0 1  
8  I  - 0 . 1 7  1 . 0 2  -  - 0 . 2 1  2 3  .  2 5  1 . 3 4  0  .  0 1  
9  i  0 . 0 0  oTTo 0T20 20.58 0.00 0.00 

6  1  0 . 0 0  0 . 4 9  0 . 0 0  1 1 . 6 0  0 . 0 0  0 . 0 0  
2  0 . 0 0  0 . 1 0  0 . 0 0  2 . 4 5  0 . 0 0  0 . 0 0  
3  0 . 0 0  - 0 . 1 0  0 . 0 0  - 2 . 3 2  0 . 0 0  0 . 0 0  
4  - 0 . 2 0  - 0 . 4 2  0 . 2 8  - 1 0 . 3 8  1 . 6 4  0 . 0 1  
5  0 . 0 0  0 . 0 0  - 0 . 1 6  - 3 . 6 6  0 . 0 0  0 . 0 0  
S f D L f L L )  0 . 0 0  0  . 5 9  0  .  0 0  1 4  .  0 5  0 .  0 0  0  .  0 0  
7fc>L+-ftriO 0.15 0 . 7 6  - 0 . 2 1  1 8 . 2 3  - 1 . 2 3  0 .  0 0  
8  I  - 0 . 1 5  0 . 1 2  0 . 2 1  2 . 6 6  1 . 2 3  0 . 0 1  
9  i  0 . 0 0  0 . 4 4  0 . 1 2  1 3 . 1 9  0 . 0 0  0 . 0 0  

************** END OF LATEST ANALYSIS RESULT ************** 

7 0 .  L O A D  L I S T  1  T O  5  
7 1 .  P R I N T  J O I N T  D I S P L A C E M E N T S  L I S T  3  4  



M-TOL P-TTORTFZ 

STEARNS-ROGER DIV-1 TRANSFORMATION OF COORDINATES PROGRAM 

VERTICAL VESSEL 

NOZZLE ORIENTATION = U.17 DEG 

DATE 12-15-1994 
TIME 14:09:59 

FUFFNFICE * I - EAST POT 

J O I N T *  I  

(DL+LL) = !• URN ES'&SRR, 

PIPING LOADS 

FXO = 
FYO = 
FZO = 

0.00 LBS 
880.00 LBS 

0.00 LBS 

MX0 = 
MY0 = 
MZ0 = 

1667.50 FT-LBS 
0.00 FT-LBS 
0.00 FT-LBS 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED I 

P (Z) = 0.00 KIPS 

VC(X) = 0.00 KIPS 

VL(Y) = 0.88 KIPS 

MC(Y) = 0.00 1N-KIPS 

MLCX) = -19.40 IN-KIPS 

MT(Z) = 4.90 IN-KIPS 



PRESSURE VESSEL DESIGN PRO CORP. 

HOUSTON TX 

COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP. 

P.O. NO. : 9353001 

ITEM NO. : F#1-EAST S/O NO. 

DESIGNER NAME : M.SCHULTZ 

.375 

DATE : 12-19-1994 

-- Stresses in Cylindrical Shell 

Attachment Mk. :JYlLD6 

M.A.U.P. : 2 psi. 
Des. temp. : 100 deg. F 

Vessel 

M i  

Cyl. ID. : 71.25 in. Cyl. mean rad. : 35.8125 in. (corr.) 
Cyl. thk. : .375 in. ( .375 in. (corr.)) 
laterial : SA 36 

Allow, stress : 12700 psi. 

Attachment 

Shape : Rectangular 
CI : 7.75 in. 
Cc : .1875 in. 

Loads & Moments 

Radial load P 
Shear load Vc 
Shear load VI 
Moment Mc 
Moment Ml 
Moment Mt 

0 lb. 
0 lb. 
880 lb. 
0 in.-lb. 

-19400 in.-lb. 
4900 in.-lb. 

Stress coefficient factors 

Kn : 1 Kb : 1 Iv : 1 
C1a : 16.4399 C1b : 16.78083 C2a : .218978 
C3 : 7.754372E-02 C4 : .1009 C5 : 7.252811 
L1a : 17.85809 Lib : 17.25823 L2a : .1679735 

,L3 : .3252309 L4 : .06 L5 : .6576346 

C2b : .1604909 
C6 : 2.568189E-02 
L2b : .1235527 
L6 : 6.549262E-02 

K1(Nf) : .91 KUNx) : 1.68 K1(Mf) : 1.76 
K2(Nf) : 1.48 K2(Nx) : 1.2 K2(Mf) : .88 
Kc(6) : 1.005836 Kc(Mf) : 1.278839 Kc(Mx) : 1.646668 
Cc(Nf) : .15 Cc(Nx) : .44 

K1(Mx) 
K2(Mx) 

1 . 2  

1.25 



M-IOIjP.faor ft 2 

Kl(6) : 1.334016 Kl(Mf) : 2.069142 Kl(Hx) : 1.198229 
Cl(Nf) : .77 Cl(Nx) : .24 



Item no. : F#1-EAST S/o no. : .375 M-IOI, P. 47 11Z 

***************** 

eometric parameters 

Gamma = Rm/T = 35.8125 / .375 
= 95.5 

41x = Cc/Rm = .1875 / 35.8125 = 5.235602E-03 
62x = Cl/Rm = 7.75 / 35.8125 = .2164049 
6x = 61x/62x = 5.235602E-03 / .2164049 = 2.419355E-02 

61 : 5.468157E-02 62 : 2.840488E-02 
64 : .0231499 65 : 6.258932E-02 

63 : 1.810228E-02 
66 : .1295062 

Circumferential stresses : 

Membrane due to P (4c1) = Kn(C1x)(P/(Rm(T))) 
= 1 ( C1x ) ( 0 / ( 35.8125 ( .375 ) ) ) 
= 0 psi. (0 psi. ) 

Bending due to P (4c2) = Kb(C2x)(6(P)/(T*2)) 
= 1 ( C2x > ( 6 ( 0 > / ( .375 * 2 ) ) 
= 0 psi. (0 psi. ) 

Membrane due to Mc (6c3> = Kn(C3)(Mc/((Rm*2)(6)(T))> 
= 1 ( 7.754372E-02 ) ( 0 / ( ( 35.8125 * 2 ) ( 

1.810228E-02 ) ( .375 ) ) ) 
= 0 ps i. 

Bending due to Mc (4c4) = Kb(C4)(6(Mc)/((T*2)(Rm)(6))) 
= 1 ( .1009 ) ( 6 ( 0 ) / ( ( .375 * 2 ) ( 35.8125 ) ( 

.0231499 ) ) ) 
= 0 psi. 

Membrane due to Ml (4c5> = Kn(C5)(Ml/((RnT2)(6>(T))> 
= 1 ( 7.252811 ) (-19400 / ( ( 35.8125 * 2 ) ( 

6.258932E-02 ) ( .375 ) ) ) 
=-4675 psi. 

Bending due to Ml <4c6) = Kb(C6)(6(Ml) / ( ( r2 )(RnO(6))) 
= 1 ( 2.568189E-02 ) ( 6 (-19400 ) / ( ( .375 " 2 ) ( 

35.8125 ) ( .1295062 ) ) ) 
=-4584 psi. 

Press, stress (4c7) = Dp(Rm)(Iv)/(T) 
= 2 ( 35.8125 ) ( 1 ) / ( .375 ) 
= 191 pai. 

Stresses Au * Al Bu Bl Cu CI Du Dl 

-4c 1 0 0 0 0 0 0 0 0 
-4c 2 0 0 0 0 0 0 0 0 
-4c 3 0 0 0 0 0 0 0 0 
-4c 4 0 0 0 0 0 0 0 0 
|-4c 5 4675 "4675 -4675 -4675 0 0 0 0 
-4c 6 4584 -4584 -4584 4584 0 0 0 0 

-4c 9259 91 -9259 -91 0 0 0 0 
-4p 191 191 191 191 191 191 191 191 



.MR.LOL ,T FJG'F.JM.. 

-ict 9450 282 -9068 100 191 191 191 191 



Item no. : F#1-EAST S/o no. : .375 TF-IOI, P. 44 

^^^eometric parameters 

Ganma = 95.5 

4x1 : 5.235602E-03 
4x2 : .2164049 
6x : 2.419355E-02 

61 : 4.241911E-02 42 : 4.460884E-02 63 : 1.810228E-02 
64 : 2.980845E-02 65 : 6.258932E-02 66 : 7.499635E-02 

Longitudinal stresses : 

Membrane due to P (611) = Kn(L1x)(P/(Rm(T>)) 
= 1 C L1x ) I 0 / C 35.8125 ( .375 ) ) ) 
= 0 ps i. ( 0 ps i. ) 

Bending due to P (612) = Kb(L2x)(6(P)/(T"2)) 
= 1 ( L2x ) ( 6 ( 0 ) / ( .375 * 2 ) ) 
= 0 psi. ( 0 psi. ) 

Membrane due to Mc (413) = Kn(L3)(Mc/((Rm*2)(6)(T))) 
= 1 ( .3252309 ) ( 0 / ( ( 35.8125 * 2 ) ( 

1.810228E-02 ) ( .375 ) ) ) 
= 0 psi. 

^Jlending due to Mc (614) = Kb(L4)(6(Mc)/((T*2)(Rm)(6))) 
= 1 ( .06 ) ( 6 ( 0 ) / ( ( .375 * 2 ) ( 35.8125 ) ( 

2.980845E-02 ) ) ) 
= 0 psi. 

Membrane due to Ml (415) = Kn(L5)(Ml/((RnT2)(6)(T))) 
= 1 ( .6576346 ) (-19400 / ( ( 35.8125 * 2 ) ( 

6.258932E-02 ) ( .375 ) ) ) 
=-425 psi. 

Bending due to Ml (616) = Kb(L6)(6(Ml)/((T'2)(Rm)(6))) 
= 1 ( 6.549262E-02 ) ( 6 (-19400 ) / ( ( .375 * 2 ) ( 

35.8125 ) ( 7.499635E-02 ) ) ) 
=-20185 psi. 

Press, stress (417) = Dp(Rm)(Iv)/(2(T)) 
= 2 ( 35.8125 ) ( 1 ) / ( 2 ( .375 ) ) 
• 96 psi. 

Stresses Au Al Bu Bl Cu Cl Du Dl 

m 

-41 1 
-61 2 
-61 3 
-61 4 
61 5 

I 6 

0  
0  
0  
0  
425 
20185 

0  
0  
0  
0  
425 

-20185 

0  
0  
0  
0  

-425 
-20185 

0  
0  
0  
0  

-425 
20185 

-41  
-4p 

20610 
96 

-19760 
96 

-20610 
96 

19760 
96 

0  
96 

0  
96 

0  
96 

0  
96 

SS - 20,610 f  i  Z0,70<£ 



of m 
•Alt 20706 -19664 -20514 19856 96 96 96 96 



Item no. :  F#1-EAST S/o no. :  .375 

M-IOI, F?£! OF 192 

^^^hear stresses 

Shear due to VI (4s1) = Vl/(4(Cl)(T)) 
= 880 / ( 4 ( 7.75 ) ( .375 ) ) 
= 76 psi. 

Shear due to Vc (4s2) = Vc/(4(Cc)(T)) 
= 0 / ( 4 ( .1875 ) ( .375 ) ) 
= 0 psi. 

Shear due to Mt (4s3) = 0 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-is 1 0 0 0 0 -76 -76 76 76 
-4s 2 0 0 0 0 0 0 0 0 
-4s 3 0 0 0 0 0 0 0 0 

-4st 0 0 0 0 -76 -76 76 76 

Combined stress intensity : 

- When 4st = 0 

•

(comb.) = The larger of : 
) 4ct 

2) 411 
3) 411 - 4ct 

- When 4st <> 0 

4 (comb.) = The larger of : 
1) 0.5t4lt+4ct+Sqr.((4lt-4ct)*2+4(4st~2))] 
2) 0.5[4lt+4ct-Sqr.((4lt-4ct)*2+4(4st"2))J 
3) Sqr.((4lt-4ct)'2+4(4st"2))) 

Stresses Au Al Bu Bl Cu CI Du Dl 

-4s (comb.) 20706 -19947 -20515 19856 233 233 233 233 



r *  M-IOI, P-S2 OF \n 
PRESSURE VESSEL DESIGN PRO CORP. 

HOUSTON TX 

--- COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP. 

P.O. NO. : 9353001 

ITEM NO. : F#1-EAST S/O NO. : .250 

DESIGNER NAME : M.SCHULTZ DATE : 12-19-1994 

— Stresses in Cylindrical Shell -

Attachment Mk. :JT1LD6 

M.A.U.P. : 2 psi. 
Des. temp. : 100 deg. F 

Vessel 

Cyl. ID. : 71.5 in. Cyl. mean rad. : 35.875 in. (corr.) 

•

Cyl. thk. : .25 in. ( .25 in. (corr.)) 
Material : SA 36 
Allow, stress : 12700 psi. 

Attachment 

Shape : Rectangular 
CI : 7.75 in. 
Cc : .1875 in. 

Loads & Moments 

Radial load P : 0 lb. 
Shear load Vc : 0 lb. 
Shear load VI : 880 lb. 
Moment Mc : 0 in.-lb. 
Moment Ml :-19400 in.-lb. 
Moment Mt : 4900 in.-lb. 

Stress coefficient factors 

Kn : 1 
Cla : 22.80354 
C3 : 8.754589E-02 
L1a : 24.18951 

K1(Nf) : .91 
K2(Nf) : 1.48 
Kc(6) : .9744348 
Cc(Nf) : .09 

Kb : 1 
C1b : 24.10236 
C4 : .1 
Lib : 25.62597 
L4 : .06 

K1(Nx) : 1.68 
K2(Nx) : 1.2 
Kc(Mf) : 1.220256 
Cc(Nx) : .44 

Iv : 1 
C2a : .2000007 
C5 : 11.99788 
L2a : .1442487 
L5 : .3234119 

K1(Mf) : 1.76 
K2(Mf) : .88 
Kc(Mx) : 1.531245 

C2b : .1472699 
C6 : 1.950315E-02 
L2b : .1043262 
L6 : .0544575 

K1(Mx) : 1.2 
K2(Mx) : 1.25 



M ' I O \  R . 5 3 of) ^ 7  
Kl(£) : 1.396394 KlCHf> : 2.051188 Kl(Mx) : 1.19129 
Cl(Nf) : .8 CUNx) : .07 



Item no. :  F#1-EAST S/o no. :  .250 
M-LOI P.SH OR LIT 

^J^Geotne trie parameters 

Gamna = Rm/T = 35.875 / .25 
= 143.5 

61x = Cc/Rm = .1875 / 35.875 = 5.226481E-03 
62x = CI/RID = 7.75 / 35.875 = .2160279 
6x = 61x/62x = 5.226481E-03 / .2160279 = 2.419355E-02 

61 : .0545863 62 : 2.835539E-02 63 : 1.807074E-02 
64 : 2.205094E-02 65 : 6.248028E-02 66 : .1281588 

Circumferential stresses : 

Membrane due to P (6c1) = Kn(C1x)(P/(Rm(T))) 
= 1 ( C1x ) ( 0 / ( 35.875 ( .25 ) ) ) 
= 0 psi. ( 0 psi. ) 

Bending due to P (4c2) = Kb(C2x)(6(P)/(T*2>) 
= 1 ( C2x ) ( 6 ( 0 ) / ( .25 * 2 ) ) 
= 0 psi. ( 0 psi. ) 

Membrane due to Mc (6c3) = Kn(C3)(Mc/((Rm-2)(6>(T))) 
= 1 ( 8.754589E-02 ) ( 0 / ( ( 35.875 " 2 ) ( 

1.807074E-02 ) ( .25 ) ) ) 
= 0 psi. 

Bending due to Mc (6c4) = Kb(C4)(6(Mc)/((T*2)(Rm)(6)>) 
= 1 ( .1 ) ( 6 < 0 ) / ( ( .25 " 2 ) ( 35.875 ) ( 

2.205094E-02 ) ) ) 
= 0 psi. 

Menbrane due to Ml (6c5) = Kn(C5)(Ml/((Rm"2)(6)(T))) 
= 1 ( 11.99788 ) (-19400 / ( ( 35.875 * 2 ) ( 

6.248028E-02 ) ( .25 ) ) ) 
=-11579 psi. 

Bending due to Ml <Sc6) = Kb(C6)(6(Ml) / ( ( r2 )(Rm)(6))) 
= 1 ( 1.950315E-02 ) ( 6 (-19400 ) / ( ( .25 * 2 ) ( 

35.875 ) ( .1281588 ) ) ) 
=-7901 psi. 

Press, stress (4c7) = Dp(Rm)(Iv)/(T) 
= 2 ( 35.875 ) ( 1 ) / ( .25 ) 
= 287 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-4c 1 0 0 0 0 0 0 0 0 

-4c 2 0 0 0 0 0 0 0 0 

-4c 3 0 0 0 0 0 0 0 0 

-4c 4 0 0 0 0 0 0 0 0 
l-4c 5 11579 11579 -11579 -11579 0 0 0 0 

-4c 6 7901 -7901 -7901 7901 0 0 0 0 

-4c 19480 3678 -19480 -3678 0 0 0 0 

*4p 287 287 287 287 287 287 287 287 

SIR)ZIL,5N 1 + 2S7 = 



M.-.LQL B.ZZORJ.QZ. 

-ict 19767 3965 -19193 -3391 287 287 287 287 



Item no. :  F#1-EAST S/o no. :  .250 M-IOI of flZ 

geometric parameters 

Ganma = 143.5 

4x1 : 5.226481E-03 
4x2 : .2160279 
4x : 2.419355E-02 

41 : 4.234521E-02 
44 : 2.767074E-02 

42 : 4.453111E-02 
45 : 6.248028E-02 

43 : 1.807074E-02 
46 : 7.443215E-02 

Longitudinal stresses : 

Membrane due to P (411) = Kn(L1x)(P/(Rm(T))) 
= 1 ( L1x ) ( 0 / ( 35.875 ( .25 ) ) ) 
= 0 psi. ( 0 psi. ) 

Bending due to P (612) = Kb(L2x)(6(P)/(T"2)) 
= 1 ( L2x ) ( 6 ( 0 ) / < .25 * 2 ) ) 
= 0 psi. ( 0 psi. ) 

Membrane due to Mc (613) = Kn(L3)(Mc/((Rm'2)(6)(T))) 
= 1 ( .6710563 ) ( 0 / ( ( 35.875 * 2 ) ( 1.807074E-02 

) ( .25 ) > ) 
= 0 psi. 

lending due to Mc (414) = Kb(L4)(6(Mc)/((T"2)(Rm)(6))) 
= 1 ( .06 ) ( 6 ( 0 ) / ( ( .25 * 2 ) ( 35.875 ) ( 

2.767074E-02 ) ) ) 
= 0 psi. 

Membrane due to Ml (615) = Kn(L5)(Ml/((Rm~2)(6)(T))) 
= 1 ( .3234119 ) (-19400 / ( ( 35.875 " 2 ) ( 

6.248028E-02 ) ( .25 ) ) ) 
=-313 psi. 

Bending due to Ml (416) = Kb(L6)(6(Ml)/((T*2)(Rm)(6))) 
= 1 ( .0544575 ) ( 6 (-19400 > / ( ( .25 * 2 ) ( 35.875 

) ( 7.443215E-02 ) ) ) 
=-37983 psi. 

Press, stress (417) = Dp(Rm)(Iv)/(2(T)) 
= 2 ( 35.875 ) ( 1 > / ( 2 ( .25 ) ) 

' = 144 psi. 
Stresses Au Al Bu Bl Cu CI Du Dl 

-61 1 
-61 2 
-61 3 
-61 4 
^61 5 
fii 6 

0 
0 
0 
0 
313 
37983 

0 
0 
0 
0 
313 

-37983 

0 
0 
0 
0 

-313 
-37983 

0 
0 
0 
0 

-313 
37983 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

-61 
-4p 

(38296 
144 

-37670 
144 

-38296 
144 

37670 
144 

0 
144 

0 
144 

0 
144 

0 
144 

is- 2*296 +/4 4 = X(3) I2?aa * 32, too 



M'LTIL; P-57 
It 38440 - 37526 - 38152 37814 144 144 144 144 



I to* no. :  F#1-EAST S/o no. :  .250 
M'lOl} p. 58 O F / 1 2  

ear stresses : 

Shear due to VI (is1) = Vl/(4(Cl)(T)) 
= 880 / ( 4 ( 7.75 ) ( .25 ) ) 
= 114 psi. 

Shear due to Vc (is2) = Vc/(4(Cc)(T)) 
= 0 / ( 4 ( .1875 ) ( .25 ) ) 
= 0 psi. 

Shear due to Mt (is3) = 0 psi. 

Stresses Au Al Bu Bt Cu CI Du Dl 

-is 1 o 0 0 0 -114 -114 114 114 
-4s 2 0 0 0 0 0 0 0 0 
-is 3 0 0 0 0 0 0 0 0 

-ist 0 0 0 0 -114 -114 114 114 

Combined stress intensity : 

- When ist = 0 

•

(comb.) = The larger of : 
) ict 

2) ilt 
3) ilt - ict 

- When ist <> 0 

i (comb.) = The larger of : 
1) 0.5[ilt+ict+Sqr.((ilt-ict)*2+4(ist*2))] 
2) 0.5[ilt+ict-Sqr.((ilt-ict)*2+4(ist*2))] 
3) Sqr.((4lt-4ct)*2+4(4st"2))) 

Stresses Au Al Bu Bl Cu CI Du 01 

-is (confc.) 38440 -41492 -38153 41205 350 350 350 350 



STEARNS-ROGER DIV.1 TRANSFORMATION OF COORDINATES PROGRAM 

A1-/0/, OF 

VERTICAL VESSEL 

DATE 12-14-1994 
TIME 08:52:01 

FURNACE *7- EAST POT -2019PASS 

J O I N T  * 1  J  L O A O ^ S  
(OLI-SETSMIC) <FI--L.LSM $ 3.SSM 

NOZZLE ORIENTATION = 14.17 DEG 

P I P I N G  L O A D S  

FXO = 
FYO = 
FZO = 

-170.00 LBS 
1020.00 LBS 
-210.00 LBS 

MX0 
MY0 
MZ0 

1937.50 FT-LBS 
111.67 FT-LBS 

0.83 FT-LBS _ 

. .23SSo/i'Z.  

-.1,340/12 

TRANSLATION OF ROTATED LOADS 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED LOADS : 

P (Z) = 0.16 KIPS MC(Y) = 1.34 IN-KIPS 
VC(X) = 0.22 KIPS ML(X) = -22.55 IN-KIPS 
VL(Y) = 1.02 KIPS MT(Z) = 5.68 IN-KIPS 



PRESSURE VESSEL DESIGN PRO CORP. 

HOUSTON TX 

— COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP. 

P.O. NO. : 9353001 

ITEM NO. : F#1-EAST S/O NO. : .375 

DESIGNER NAME : M.SCHULTZ DATE : 12-19-1994 

— Stresses in Cylindrical Shell — 

Attachment Mk. : JT1LD8 

M.A.U.P. : 2 psi. 
Des. temp. : 100 deg. F 

Vessel 

Cyl. ID. : 71.25 in. Cyl. mean rad. : 35.8125 in. (corr.) 
^^^yl. thk. : .375 in. ( .375 in. (corr.)) 
^JP^aterial : SA 36 

Allow, stress : 12700 psi. 

Attachment 

Shape : Rectangular 
CI : 7.75 in. 
Cc : .1875 in. 

Loads & Moments 

Radial load P : 160 lb. 
Shear load Vc : 220 lb. 
Shear load VI : 1020 lb. 
Moment Mc : 1340 in.-lb. 
Moment Ml :-22550 in.-lb. 
Moment Mt : 5680 in.-lb. 

Stress coefficient factors 

Kn : 1 
C1a : 16.4399 
C3 : 7.754372E-02 
Lla : 17.85809 

.L3 : .3252309 

Kb : 1 
C1b : 16.78083 
C4 : .1009 
Lib : 17.25823 
L4 : .06 

Iv : 1 
C2a : .218978 
C5 : 7.252811 
L2a : .1679735 
L5 : .6576346 

C2b : .1604909 
C6 : 2.568189E-02 
L2b : .1235527 
L6 : 6.549262E-02 

K1(Nf) : .91 K1(Nx) : 1.68 K1(M() : 1.76 
K2(Nf) : 1.48 K2(Nx) : 1.2 K2(Mf) : .88 
Kc(6) : 1.005836 Kc(Mf) : 1.278839 Kc(Mx) : 1.646668 
Cc(Nf) : .15 Cc(Nx) : .44 

K1(Mx) 
K2(Mx) 

1 .2  
1.25 



A1-IOIJ P. 6 / OF ! 72 

K l < 6 >  :  
C t  ( N O  

1.334016 
: .77 

Kl(Mf) 
Cl(Nx) 

2.069142 
.24 

Kl(Mx) : 1.198229 



Item no. :  F#1-EAST S/o no. :  .375 
P. D, 1 AF 

trie parameters 

Gamma = Rm/T = 35.8125 / .375 
= 95.5 

61x = Cc/Rm = .1875 / 35.8125 = 5.235602E-03 
62x = Cl/Rm = 7.75 / 35.8125 = .2164049 
6x = A1x/42x = 5.235602E-03 / .2164049 = 2.419355E-02 

61 : 5.468157E-02 62 : 2.840488E-02 63 : 1.810228E-02 
64 : .0231499 65 : 6.258932E-02 66 : .1295062 

Circumferential stresses : 

Membrane due to P (6c1) = Kn(C1x)(P/(Rm(T))) 
= 1 ( C1x ) ( 160 / ( 35.8125 ( .375 ) ) ) 
= 196 psi. ( 200 psi. ) 

Bending due to P (6c2) = Kb(C2x)(6(P)/(T"2)) 
= 1 ( C2x > ( 6 ( 160 ) / ( .375 * 2 ) ) 
= 1495 psi. ( 1096 psi. ) 

Membrane due to Mc (6c3) = Kn(C3)(Mc/((Rm*2)(6)(T))) 
= 1 ( 7.754372E-02 ) ( 1340 / < ( 35.8125 * 2 ) ( 

1.810228E-02 ) ( .375 ) ) ) 
= 12 psi. 

Bending due to Mc (6c4) = Kb(C4)(6(Mc)/((T_2)(Rm)(6)>) 
= 1 ( .1009 ) ( 6 ( 1340 ) / < ( .375 * 2 ) ( 35.8125 

) ( .0231499 ) ) ) 
= 6958 psi. 

Membrane due to Ml (6c5) = Kn(C5)(Ml/((Rnr2>(6)(T))) 
= 1 ( 7.252811 ) (-22550 / ( ( 35.8125 " 2 ) ( 

6.258932E-02 ) ( .375 ) ) ) 
*-5434 psi. 

Bending due to Ml <6c6) = Kb(C6)(6(Ml)/((T"2)(Rm)(6))) 
= 1 ( 2.568189E-02 ) ( 6 (-22550 ) / ( ( .375 ' 2 ) ( 

35.8125 ) ( .1295062 ) ) ) 
=-5329 psi. 

Press, stress (6c7) = Dp(Rm)(Iv)/(T) 
= 2 ( 35.8125 ) ( 1 ) / ( .375 ) 
• 191 pai. 

Stresses Au Al Bu Bl Cu CI Du Dl 

6c 1 
6c 2 
6c 3 
6c 4 

ic 5 
6c 6 

-200 
-1096 
0  
0  
5434 
5329 

-200 
1096 
0  
0  
5434 

-5329 

-200 
-1096 
0  
0  

-5434 
-5329 

-200 
1096 
0  
0  

-5434 
5329 

-196 
-1495 
-12 
-6958 
0  
0  

-196 
1495 

-12 
6958 
0  
0  

-196 
-1495 
12 
6958 
0  
0  

-196 
1495 
12 

-6958 
0  
0  

-6c 9467 1001 -12059 791 -8661 8245 5279 -5647 
-6p 191 191 191 191 191 191 191 191 



-ict 9658 1192 -11868 982 -8470 8436 

. MzJ.O. X-.. R P>Z. or. J. f.Z.. 
5470 -5456 



Item no. :  F#1-EAST S/o no. :  .375 

**************** 

M-IOIj P. 6 4 or 112 

^^^ieometric parameters 

Garnna = 95.5 

6*1 : 5.235602E-03 
6x2 : .2164049 
6x : 2.419355E-02 

61 : 4.241911E-02 62 : 4.460884E-02 63 : 1.810228E-02 
64 : 2.980845E-02 65 : 6.258932E-02 66 : 7.499635E-02 

Longitudinal stresses : 

Membrane due to P (611) = Kn(L1x)(P/(Rm(T))) 
= 1 ( L1x ) ( 160 / ( 35.8125 ( .375 ) ) ) 
= 213 psi. ( 206 psi. ) 

Bending due to P (612) = Kb(L2x)(6(P)/(T_2)) 
= 1 ( L2x ) ( 6 ( 160 ) / ( .375 * 2 ) ) 
= 1147 psi. ( 843 psi. ) 

Membrane due to Mc (613) = Kn(L3)(Mc/((Rm'2)(6)(T))) 
= 1 ( .3252309 ) ( 1340 / ( ( 35.8125 " 2 ) ( 

1.810228E-02 ) ( .375 ) ) ) 
= 50 psi. 

ending due to Mc (614) = Kb(L4)(6(Mc)/((T*2)(Rm)(6))) 
= 1 ( .06 ) ( 6 ( 1340 ) / ( ( .375 * 2 ) ( 35.8125 ) ( 

2.980845E-02 ) ) ) 
= 3213 psi. 

Membrane due to Ml (615) = Kn(L5)(Ml/((Rm*2)(6)(T))) 
= 1 ( .6576346 ) (-22550 / ( ( 35.8125 " 2 ) ( 

6.258932E-02 ) ( .375 ) ) ) 
=-494 psi. 

Bending due to Ml (616) = Kb(L6)(6(Ml)/((T~2)(Rm)(6))) 
= 1 ( 6.549262E-02 ) ( 6 (-22550 ) / ( ( .375 * 2 ) ( 

35.8125 ) ( 7.499635E-02 ) ) ) 
=-23462 psi. 

Press, stress (617) = Dp(Rm)(Iv)/(2(T)) 
= 2 ( 35.8125 ) ( 1 ) / ( 2 ( .375 ) ) 
= 96 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-61 1 -213 -213 -213 -213 -206 -206 -206 -206 
-61 2 -1147 1147 -1147 1147 -843 843 -843 843 
-61 3 0 0 0 0 -50 -50 50 50 
•61 4 0 0 0 0 -3213 3213 3213 -3213 
-61 5 494 494 -494 -494 0000 
kdl 6 23462 -23462 -23462 23462 0000 

-61 22596 -22034 -25316 23902 -4312 3800 2214 -2526 
-6p 96 96 96 96 96 96 96 96 



M-/C?LY P- OR FF2 
4lt 22692 -21938 -25220 23998 -4216 3896 2310 -2430 



Item no. :  F#1-EAST S/o no. :  .375 

MF-JOT P. 66 OR 192 

^^^hear stresses 

Shear due to VI (4s1) = Vl/(4(Cl)(T)) 
= 1020 / ( 4 ( 7.75 ) ( .375 ) ) 
= 88 psi. 

Shear due to Vc (4s2) = Vc/(4(Cc)(T)) 
= 220 / ( 4 ( .1875 ) ( .375 ) ) 
= 782 psi. 

Shear due to Mt (4s3) = 0 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-4s 1 0 0 0 0 -88 -88 88 88 

-4s 2 782 782 -782 -782 0 0 0 0 

-4s 3 0 0 0 0 0 0 0 0 

-4st 782 782 -782 -782 -88 -88 88 88 

Combined stress intensity : 

- When 4st = 0 

•

(comb.) = The larger of : 
) ict 

2) 411 
3) 411 - 4ct 

- When 4st <> 0 

4 (comb.) = The larger of : 
1) 0.5[4lt+4ct+Sqr.((4lt-4ct)*2+4(4st"2))] 
2) 0.5[4lt+4ct-Sqr.((4lt-4ct)*2+4(4st*2))] 
3) Sqr.((4lt-4ct)'2+4(4st"2))) 

Stresses Au Al Bu Bl Cu CI Du Dl 

-4s (conb.) 22739 23183 -25267 24025 -8473 8438 5472 -5460 



«*.«««*«*«*****»**»**«***»**»*«***»*•*••»*****»**«»*«***«*•»**•*•*«**•*•«»****** 

PRESSURE VESSEL DESIGN PRO CORP. 
HOUSTON TX 

--- COMPUTATION OF LOCAL STRESSES — 

CUSTOMER NAME : FMC CORP. 

P.O. NO. : 9353001 

ITEM NO. : F#1-EAST S/O NO. : .290 

DESIGNER NAME : M.SCHULTZ DATE : 12-19-1994 

— Stresses in Cylindrical Shell -

Attachment Mic. : JT1LD8 

M.A.U.P. : 2 psi. 
Des. temp. : 100 deg. F 

Vessel 

Cyl. ID. : 71.42 in. Cyl. mean rad. : 35.855 in. (corr.) 
^^kpyl. thk. .29 in. ( .29 in. (corr.)) 
^^^laterial : SA 36 

Allow, stress : 12700 psi. 

Attachment 

Shape : Rectangular 
CI : 7.75 in. 
Cc : .1875 in. 

Loads & Moments 

Radial load P : 160 lb. 
Shear load Vc : 220 lb. 
Shear load VI : 1020 lb. 
Moment Mc : 1340 in.-lb. 
Moment Ml :-22550 in.-lb. 
Moment Mt : 5680 in.-lb. 

Stress coefficient factors 

Kn : 1 Kb : 1 Iv : 1 
C1a : 20.28941 C1b : 21.10213 C2a : .2078744 
C3 : 7.031596E-02 C4 : .1 C5 : 10.16516 
Lla : 21.71166 Lib : 22.14284 L2a : .1543033 

kL3 : .5245329 L4 : .06 L5 : .2693445 

C2b : .151832 
C6 : 2.191402E-02 
L2b : .1118637 
L6 : 5.919533E-02 

K1(Nf) : .91 K1(Nx) : 1.68 
K2(Ni) : 1.48 K2(Nx) : 1.2 
Kc(6) : .9847822 Kc(Mf) : 1.242233 
Cc(N() : .09 Cc(Nx) : .44 

K1(Mf) : 1.76 K1(Mx) : 1.2 
K2(Mf) : .88 K2(Mx) : 1.25 
Kc(Mx) : 1.572507 



Kl<6) : 1.371823 KlCMf) : 2.055064 Kl(Nx) : 1.19129 
Cl(Nf) : .8 Cl(Nx) : .07 

M-IOI, P. OR H2 



A1-IOI, P.&4ORT9Z 
Item no. :  F#1-EAST S/o no. :  .290 

|^^^eometric parameters 

Ganma = Rm/T = 35.855 / .29 
* 123.6379 

tlx = Cc/Rm = .1875 / 35.855 = 5.229396E-03 
62x = Cl/Rm = 7.75 / 35.855 = .2161484 
6x = 61x/62x = 5.229396E-03 / .2161484 = 2.419355E-02 

61 : 5.461674E-02 62 : .0283712 63 : 1.808082E-02 
64 : 2.246059E-02 65 : 6.251513E-02 66 : .1284726 

Circumferential stresses : 

Membrane due to P (6c1) = Kn(C1x)(P/(Rm(T))) 
= 1 ( C1x ) ( 160 / ( 35.855 ( .29 ) ) ) 
= 312 psi. ( 325 psi. ) 

Bending due to P (6c2> = Kb(C2x)(6(P)/(T*2)) 
= 1 ( C2x ) ( 6 ( 160 ) / ( .29 " 2 ) ) 
= 2373 psi. ( 1733 psi. ) 

Membrane due to Mc (6c3) = Kn(C3)(Mc/((Rm*2)(6)(T))) 
= 1 ( 7.031596E-02 ) ( 1340 / ( ( 35.855 * 2 ) ( 

1.808082E-02 ) ( .29 ) ) ) 
= 14 psi. 

Bending due to Mc (6c4) = Kb(C4)(6(Mc)/((f2)(Rm)(6))) 
= 1 ( .1 ) ( 6 ( 1340 ) / ( ( .29 * 2 ) ( 35.855 ) ( 

2.246059E-02 ) ) ) 
= 11871 psi. 

Mentorane due to Ml (6c5) = Kn(C5)(Ml/((Rm*2)(6)(T))) 
= 1 ( 10.16516 ) (-22550 / ( ( 35.855 * 2 ) ( 

6.251513E-02 ) ( .29 ) ) ) 
=-9836 psi. 

Bending due to Ml (6c6) = Kb(C6)(6(Ml) / ( ( r2 )(Rm)(6)>) 
= 1 ( 2.191402E-02 ) ( 6 (-22550 ) / ( ( .29 * 2 ) ( 

35.855 ) ( .1284726 ) ) ) 
=-7655 psi. 

Press, stress (6c7) = Dp(Rm)(Iv)/(T) 
= 2 ( 35.855 ) ( 1 ) / ( .29 ) 
= 247 psi .  

Stresses Au Al Bu Bl Cu CI Du Dl 

-6c 1 -325 -325 -325 -325 -312 -312 -312 -312 
-6c 2 -1733 1733 -1733 1733 -2373 2373 -2373 2373 
-6c 3 0 0 0 0 -14 -14 14 14 
-6c 4 0 0 0 0 -11871 11871 11871 -11871 
16c 5 9836 9836 -9836 -9836 0 0 0 0 
-6c 6 7655 -7655 -7655 7655 0000 

-6c 15433 3589 -19549 -773 -14570 13918 9200 -9796 
-6p 247 247 247 247 247 247 247 247 



M-IOIJ FI OR 192 

.Jet 15680 3836 -19302 -526 -14323 14165 9447 -9549 



M-IOI, P 7 /  OR IK 
Item no. :  F#1-EAST S/o no. :  .290 

^^'.eometric parameters 

Gamma = 123.6379 

6x1 : 5.229396E-03 
6x2 : .2161484 
6x : 2.419355E-02 

61 : 4.236882E-02 62 : 4.455595E-02 63 : 1.808082E-02 
64 : 2.843222E-02 65 : 6.251513E-02 66 : 7.447368E-02 

Longitudinal stresses : 

Membrane due to P (611) = Kn(L1x)(P/(Rm(T))) 
= 1 ( L1x ) ( 160 / ( 35.855 ( .29 ) ) ) 
= 334 psi. ( 341 psi. ) 

Bending due to P (612) = Kb(L2x)(6(P)/(T*2)) 
= 1 ( L2x ) ( 6 ( 160 ) / ( .29 * 2 ) ) 
= 1761 psi. ( 1277 psi. ) 

Membrane due to Mc (613) = Kn(L3)(Mc/((Rm"2)(6)(T))) 
= 1 ( .5245329 ) ( 1340 / ( ( 35.855 * 2 ) ( 

1.808082E-02 ) ( .29 ) ) ) 
= 104 psi. 

• ending due to Mc (614) = Kb(L4)(6(Mc)/((T*2)(Rm)(6))) 
= 1 ( .06 ) ( 6 ( 1340 ) / ( ( .29 * 2 ) ( 35.855 ) ( 

2.843222E-02 ) ) ) 
= 5627 psi. 

Membrane due to Ml (615) = Kn(L5)(Ml/((Rm*2)(6)(T))) 
= 1 ( .2693445 ) (-22550 / ( ( 35.855 * 2 ) ( 

6.251513E-02 ) ( .29 ) ) ) 
=-262 psi. 

Bending due to Ml (616) = Kb(L6)(6(Ml)/((r2)(Rm)(6))) 
= 1 ( 5.919533E-02 ) ( 6 (-22550 ) / ( ( .29 * 2 ) ( 

35.855 ) ( 7.447368E-02 ) ) ) 
=-35666 psi. 

Press, stress (617) = Dp(Rm)(Iv)/(2(T)) 
= 2 ( 35.855 ) ( 1 ) / ( 2 ( .29 ) ) 
- 124 psi.' 

Stresses Au Al Bu Bl Cu CI Du 01 

-61 1 -334 -334 -334 -334 -341 -341 -341 -341 
-61 2 -1761 1761 -1761 1761 -1277 1277 -1277 1277 
-41 3 0 0 0 0 -104 -104 104 104 
-41 4 0 0 0 0 -5627 5627 5627 -5627 
41 5 262 262 -262 -262 0 0 0 0 
41 6 35666 -35666 -35666 35666 0000 

-41 33833 -33977 '=•38023 36831 -7349 6459 4113 -4587 
-4p 124 124 124 124 124 124 124 124 



M-IOI, P. 72 OR 112 
Alt 33957 -33853 -37899 36955 -7225 6583 4237 -4463 



Item no. :  F#1-EAST S/o no. :  .290 

M-IOIj p 73 or /92 

^^^hear 

Shear due to VI (fis1) = Vl/(4(Cl)(T)) 
= 1020 / ( 4 C 7.75 ) ( .29 ) ) 
= 113 psi. 

Shear due to Vc (fis2) = Vc/(4(Cc)(T)) 
= 220 / ( 4 ( .1875 ) ( .29 ) ) 
= 1011 psi. 

Shear due to Mt (fis3) = 0 psi. 

Stresses Au AI Bu Bl Cu CI Du 

-4s 1 0 0 0 0 -113 -113 113 113 
-4s 2 1011 1011 -1011 -1011 0000 
-4s 3 0 0 0 0 0 0 0 0 

-4st 1011 1011 -1011 -1011 -113 -113 113 113 

Combined stress intensity : 

- When fist = 0 

•

(comb.) = The larger of : 
) ict 

2) filt 
3) filt - fict 

- When fist <> 0 

fi (comb.) = The larger of : 
1) 0.5[filt+fict+Sqr.((4lt-fict)*2+4(fist"2))] 
2) 0.5[4lt+4ct-Sqr.((4lt-4ct)*2+4(fist*2))l 
3) Sqr.((filt-fict)"2+4(4st*2))) 

Stresses Au Al Bu Bl Cu CI Du Dl 

-fis (comb.) 34013 37743 -37955 37535 -14326 14167 9449 -9553 



M-IOI , P.74-OR 

STEARNS-ROGER DIV.1 TRANSFORMATION OF COORDINATES PROGRAM 

DATE 12-14-1994 
TIME 08:58:23 

VERTICAL VESSEL 
EURNACS # 1 • EAST.POT - 2 

J O I N T  *  ( E ,  L O A D  * 7  
(DL + S£FSMI<Z) SAS !• I S 777 $ 3'TSN M 

N O Z Z L E  O R I E N T A T I O N  = 338.51 D E G  

P I P I N G  L O A D S  

FXO = 150.00 LBS MXO = 1519.16 FT-LBS 
FYO = 760.00 LBS MY0 = -102.50 FT-LBS 
FZ0 = -210.00 LBS MZ0 = 0.00 FT-LBS 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

R O T A T E D  A N D / O R  T R A N S L A T E D  I  

P (Z) = 0.14 KIPS 

VC(X) = -0.22 KIPS 

VL(Y) = 0.76 KIPS 

MC(Y) = -1.23 IN-KIPS 

ML(X) = -16.96 IN-KIPS 

MT(Z) = -6.68 IN-KIPS 



PRESSURE VESSEL DESIGN PRO CORP. 
HOUSTON TX 

--- COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP. 

P.O. NO. : 9353001 

ITEM NO. : F#1-EAST S/O NO. : .375 

DESIGNER NAME : M.SCHULTZ DATE : 12-19-1994 

— Stresses in Cylindrical Shell 

Attachment Mk. : JT6LD7 

M.A.U.P. : 2 psi. 
Des. temp. : 100 deg. F 

Vessel 

Cyl. ID. : 71.25 in. Cyl. mean rad. : 35.8125 in. (corr.) 
^^feyl. thk. : .375 in. ( .375 in. (corr.)) 
^^^Material : SA 36 

Allow, stress : 12700 psi. 

Attachment 

ShBpe : Rectangular 
Cl : 7.75 in. 
Cc : .1875 in. 

Loads I Moments 

Radial load P : 140 lb. 
Shear load Vc :-220 lb. 
Shear load VI : 760 lb. 
Moment Mc :-1230 in.-lb. 
Moment Ml :-16960 in.-lb. 
Moment Mt :-6680 in.-lb. 

Stress coefficient factors 

Kn : 1 Kb : 1 Iv : 1 
C1a : 16.4399 Clb : 16.78083 C2a : .218978 
C3 : 7.754372E-02 C4 : .1009 C5 : 7.252811 
L1a : 17.85809 Lib : 17.25823 L2a : .1679735 

„L3 : .3252309 L4 s .06 L5 : .6576346 

C2b : .1604909 
C6 : 2.568189E-02 
L2b : .1235527 
L6 : 6.549262E-02 

K1(Nf) : .91 K1(Nx) : 1.68 
K2(Nf) : 1.48 K2(Nx) : 1.2 
Kc(6) : 1.005836 Kc(Mf) : 1.278839 
Cc(Nf) : .15 Cc(Nx) : .44 

K1(Mf) : 1.76 K1(Mx) : 1.2 
K2(Mf) : .88 K2(Mx) : 1.25 
Kc(Mx) : 1.646668 



M'/O/J P 16 OR 111 
Kl<4) : 1.334016 Kl(Mf) : 2.069H2 ICl(Mx) : 1.198229 
Cl(Mf) : .77 Cl(Nx) : .24 



Item no. :  F#1-EAST S/o no. :  .375 A1-101 /? 77 OF MZ 

* eometric parameters 

Gamma = Rm/T = 35.8125 / .375 
= 95.5 

41x = Cc/Rm = .1875 / 35.8125 = 5.235602E-03 
62x = Cl/Rm = 7.75 / 35.8125 = .2164049 
6x = 41x/62x = 5.235602E-03 / .2164049 = 2.419355E-02 

61 : 5.468157E-02 62 : 2.840488E-02 63 : 1.810228E-02 
64 : .0231499 65 : 6.258932E-02 66 : .1295062 

Circumferential stresses : 

Membrane due to P <4c1) = Kn(C1x)(P/(Rm(T))) 
= 1 ( Clx ) ( 140 / < 35.8125 ( .375 ) ) ) 
= 171 psi. ( 175 psi. ) 

Bending due to P (4c2) = Kb(C2x)(6(P)/(f2)) 
= 1 ( C2x ) ( 6 ( 140 ) / ( .375 * 2 ) ) 
= 1308 psi. ( 959 psi. ) 

Membrane due to Mc <6c3> = Kn(C3)(Mc/((Rm*2)(4)(T))) 
= 1 ( 7.754372E-02 ) (-1230 / ( ( 35.8125 * 2 ) ( 

1.810228E-02 ) ( .375 ) ) ) 
=-12 psi. 

Bending due to Mc (6c4) = Kb(C4)(6(Mc) / ( ( r2 )(Rm)(6))) 
= 1 ( .1009 ) ( 6 (-1230 ) / ( ( .375 " 2 ) ( 35.8125 

) ( .0231499 ) ) ) 
=-6388 psi. 

Membrane due to Ml (6c5) = Kn(C5)(Ml/((Rm'2)(6)(T))) 
= 1 ( 7.252811 ) (-16960 / ( ( 35.8125 * 2 ) ( 

6.258932E-02 > ( .375 ) ) ) 
=-4087 psi. 

Bending due to HI (6c6) = Kb(C6)(6(Hl)/((T"2)(Rm)(6))) 
= 1 ( 2.568189E-02 ) ( 6 (-16960 ) / ( ( .375 * 2 ) ( 

35.8125 ) ( .1295062 ) ) ) 
=-4008 psi. 

Press, stress (6c7) = Dp(Rm)(Iv)/(T) 
= 2 ( 35.8125 ) ( 1 ) / ( .375 ) 
• 191 pai. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-6c 1 -175 -175 -175 -175 -171 -171 -171 -171 
-4c 2 -959 959 -959 959 -1308 1308 -1308 1308 
-6c 3 0 0 0 0 12 12 -12 -12 
,-4c 4 0 0 0 0 6388 -6388 -6388 6388 
)-6c 5 4087 4087 -4087 -4087 0 0 0 0 
-4c 6 4008 -4008 -4008 4008 0 0 0 0 

-4c 6961 863 -9229 705 4921 -5239 -7879 7513 
-6p 191 191 191 191 191 191 191 191 



.Mr. 
-Act 7152 1054 -9038 896 5112 -5048 -7688 7704 



Item no. :  F#1-EAST S/o no. :  .375 

^Geometric parameters 

Gamma = 95.5 

A1-101 T P. 7 <I OR 19? 

6x1 : 5.235602E-03 
6x2 : .2164049 
6x : 2.419355E-02 

61 : 4.241911E-02 62 : 4.460884E-02 63 : 1.810228E-02 
64 : 2.980845E-02 65 : 6.258932E-02 66 : 7.499635E-02 

Longitudinal stresses : 

Membrane due to P (611) = Kn(L1x)(P/(Rm(T))) 
= 1 ( Llx ) C 140 / ( 35.8125 ( .375 ) ) ) 
= 186 psi. ( 180 psi. ) 

Bending due to P (612) = Kb(L2x)(6(P)/(T*2)) 
= 1 ( L2x ) ( 6 ( 140 ) / ( .375 * 2 ) ) 
= 1003 psi. ( 738 psi. ) 

Membrane due to Mc (613) = Kn(L3)(Mc/((Rm'2)(6)(T))) 
= 1 ( .3252309 ) (-1230 / ( ( 35.8125 " 2 ) ( 

1.810228E-02 ) ( .375 ) ) ) 
=-47 psi. 

^^Bending due to Mc (614) = Kb(L4)(6(Mc)/((T"2)(Rm)(6))) 
= 1 ( .06 ) ( 6 (-1230 ) / ( ( .375 * 2 ) ( 35.8125 ) ( 

2.980845E-02 ) ) ) 
=-2951 psi. 

Membrane due to Ml (615) = Kn(L5)(Ml/((Rm"2)(6)(T))) 
= 1 ( .6576346 ) (-16960 / ( ( 35.8125 " 2 ) ( 

6.258932E-02 ) ( .375 ) ) ) 
=-372 psi. 

Bending due to Ml (616) = Kb(L6)(6(Ml) / ( ( r2 )(Rm)(6))) 
= 1 ( 6.549262E-02 ) ( 6 (-16960 ) / ( ( .375 * 2 ) ( 

35.8125 ) ( 7.499635E-02 ) ) ) 
=-17646 psi. 

Press, stress (617) = Dp(Rm)(Iv)/(2(T)) 
= 2 ( 35.8125 ) ( 1 ) / ( 2 ( .375 ) ) 
- 96 pei. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-61 1 -186 -186 -186 -186 -180 -180 -180 -180 
-61 2 -1003 1003 -1003 1003 - 738 738 - 738 738 
-61 3 0 0 0 0 47 47 -47 -47 
-61 4 0 0 0 0 2951 -2951 -2951 2951 
-61 5 372 372 -372 -372 0000 
-61 6 17646 -17646 -17646 17646 0000 

-61 16829 -16457 -19207 18091 2080 -2346 -3916 3462 
-6p 96 96 96 96 96 96 96 96 



M-LOI P.9O OR 112. 
jlt 16925 -16361 -19111 18187 2176 -2250 -3820 3558 



M-FOI, FI. ?! OR HZ 

Item no. : F#1-EAST S/o no. : .375 

* ear stresses : 

Shear due to VI (fisl) = Vl/(4(Cl)(T)) 
= 760 / ( 4 ( 7.75 ) ( .375 ) ) 
= 65 psi. 

Shear due to Vc (fis2) = Vc/(4(Cc)(T)) 
=-220 / ( 4 ( .1875 ) ( .375 ) ) 
=-783 psi. 

Shear due to Mt (fis3) = 0 psi. 

Stresses Au AI Bu Bl Cu CI Du Dl 

-As 1 0 0 0 0 -65 -65 65 65 
-As 2 -783 -783 783 783 0 0 0 0 
-As 3 0 0 0 0 0 0 0 0 

-Ast -783 -783 783 783 -65 -65 65 65 

Combined stress intensity : 

- When fist = 0 

•

(comb.) = The larger of : 

) fict 
2) filt 
3) filt - fict 

- When fist <> 0 

fi (comb.) = The larger of : 
1) 0.5[ilt+fict+Sqr.((filt-fict)"2+4(ist*2))] 
2) 0.5[filt+fict-Sqr.((filt-fict)*2+4(fist*2))] 
3) Sqr.((4lt-4ct)*2+4(fist*2))) 

Stresses Au Al Bu Bl Cu CI Ou Dl 

-Ss (conb.) 16987 17485 -19172 18222 5113 -5051 -7690 7705 



********************************************* 

PRESSURE VESSEL DESIGN PRO CORP. 
HOUSTON TX 

--- COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP. 

P.O. NO. : 9353001 

ITEM NO. : F*1-EAST S/O NO. : .240 

DESIGNER NAME : M.SCHULTZ DATE : 12-19-1994 

—- Stresses in Cylindrical Shell — 

Attachment Mk. : JT6LD7 

M.A.U.P. : 2 psi. 
Des. temp. : 100 deg. F 

Vessel 

Cy 

W  

Cyl. ID. : 71.52 in. Cyl. mean rad. : 35.88 in. (corr.) 
I. thk. : .24 in. ( .24 in. (corr.)) 

aterial : SA 36 
Allow, stress : 12700 psi. 

Attachment 

Shape : Rectangular 
CI : 7.75 in. 
Cc : .1875 in. 

Loads & Moments 

Radial load P : 140 lb. 
Shear load Vc :-220 lb. 
Shear load VI : 760 lb. 
Moment Mc :-1230 in.-lb. 
Moment Ml :-16960 in.-lb. 
Moment Mt :-6680 in.-lb. 

Stress coefficient factors 

Kn : 1 
C1a : 23.56326 
C3 : 9.274808E-02 

L1 a : 24.93766 

: 

KKNf) : .91 
K2(Nf) : 1.48 
Kc(6) : .9713089 
Cc(Nf) : .09 

Kb : 1 

Clb : 25.00883 
C4 : .1 

Lib : 26.6784 

L4 : .06 

K1(Nx) : 1.68 
K2(Nx) : 1.2 
Kc(Mt) : 1.213618 
Cc(Nx) : .44 

Iv : 1 
C2a : .1976185 
C5 : 12.55153 

L2a : .1412049 
L5 : .3397461 

K1(Mi) : 1.76 
K2(Mf) : .88 
Kc(Mx) : 1.518781 

C2b : .1458864 

C6 : .0188458 

L2b : .1020461 
L6 : 5.302475E-02 

K1(Mx) : 1.2 
K2(Mx) : 1.25 



M'/O/; P ?3 OR/<?Z 

Kl(«) : 1.403817 Kl(M() : 2.050017 ICl(Mx) : 1.19129 

Cl(Mf) : .8 Cl(Nx) : .07 



Item no. : F#1-EAST S/o no. : .240 
M-IOI, P.2HOR}92 

trie parameters 

Gamma = Rm/T = 35.88 / .24 
= 149.5 

61x = Cc/Rm = .1875 / 35.88 = 5.225753E-03 
62x = Cl/Rm = 7.75 / 35.88 = .2159978 
6x = 61x/42x = 5.225753E-03 / .2159978 = 2.419355E-02 

61 : .0545787 62 : 2.835144E-02 63 : 1.806823E-02 
64 : 2.192792E-02 45 : 6.247158E-02 66 : .1280678 

Circunferential stresses : 

Membrane due to P (6c1) = Kn(C1x)(P/(Rm(T))) 
= 1 ( C1x ) ( 140 / ( 35.88 ( .24 ) ) ) 
= 383 psi. ( 407 psi. ) 

Bending due to P (6c2> = Kb(C2x)(6(P)/(T"2>> 
= 1 < C2x ) ( 6 ( 140 ) / ( .24 * 2 ) ) 
= 2882 psi. ( 2128 psi. ) 

Membrane due to Mc (6c3) = Kn(C3)(Mc/((Rm"2)(6)(T))) 
= 1 ( 9.274808E-02 ) (-1230 / ( ( 35.88 * 2 ) ( 

J.806823E-02 ) ( .24 ) ) ) 
=-21 psi. 

Bending due to Mc <4c4) = Kb(C4)(6(Mc)/((r2)(Rm)(A))) 
= 1 ( .1 ) ( 6 (-1230 ) / ( ( .24 * 2 ) ( 35.88 ) ( 

2.192792E-02 ) ) ) 
=-16286 psi. 

Membrane due to Ml (4c5> = Kn(C5)(Ml/((Rm*2)(6)(T))) 
= 1 ( 12.55153 ) (-16960 / ( ( 35.88 * 2 ) ( 

6.247158E-02 ) ( .24 ) ) ) 
=-11030 psi. 

Bending due to Ml (4c6) = Kb(C6)(6(Ml)/((T*2)(Rm)(4))) 
= 1 ( .0188458 ) ( 6 (-16960 ) / ( ( .24 * 2 ) ( 35.88 

) ( .1280678 ) ) ) 
=-7247 psi. 

Press, stress (4c7) = Dp(Rm)(Iv)/(T) 
= 2 ( 35.88 ) ( 1 ) / ( .24 ) 

- 299 psi .  
Stresses Au Al Bu Bl Cu CI Du Dl 

-6c 1 -407 -407 -407 -407 -383 -383 -383 -383 
-4c 2 -2128 2128 -2128 2128 -2882 2882 -2882 2882 
-4c 3 0 0 0 0 21 21 -21 -21 

4  0 0 0 0  1 6 2 8 6  - 1 6 2 8 6  - 1 6 2 8 6  1 6 2 8 6  

5 11030 ' 11030 -11030 -11030 0 0 0 0 
6 c  6  7 2 4 7  - 7 2 4 7  - 7 2 4 7  7 2 4 7  0 0 0 0  

-4c 15742 5504 -20812 -2062 13042 -13766 -19572 18764 
-6p 299 299 299 299 299 299 299 299 



-Jet 16041 5803 -20513 -1763 13341 -13467 -19273 19063 



Item no. : F#1 -EAST S/o no. : .240 
M-FOT, P. OF WZ 

trie parameters 

Gamma = 149.5 

6*1 : 5.225753E-03 
6x2 : .2159978 
6x : 2.419355E-02 

61 : 4.233932E-02 
64 : 2.744168E-02 

62 : 4.452492E-02 
65 : 6.247158E-02 

63 : 1.806823E-02 
66 : 7.44217VE-02 

Longitudinal stresses : 

Membrane due to P (611) = Kn(L1x)(P/(Rm(T))) 
= 1 ( L1x ) ( 140 / ( 35.88 ( .24 ) ) ) 
= 405 psi. ( 434 psi. ) 

Bending due to P (612) = Kb(L2x)(6(P)/(T*2)) 
= 1 ( L2x ) ( 6 ( 140 ) / ( .24 * 2 ) ) 
= 2059 psi. ( 1488 psi. ) 

Membrane due to Mc (613) = Kn(L3)(Mc/((Rm"2)(6)(T))) 
= 1 ( .715303 ) (-1230 / ( ( 35.88 * 2 ) ( 

1.806823E-02 ) ( .24 ) ) ) 
=-159 psi. 

ending due to Mc (614) = Kb(L4)(6(Mc)/((T*2)(Rm)(6))) 
= 1 ( .06 ) ( 6 (-1230 ) / ( ( .24 * 2 ) ( 35.88 ) ( 

2.744168E-02 ) ) ) 
=-7809 psi. 

Membrane due to Ml (615) = Kn(L5)(Ml/((Rnf2)(6)(T))) 
= 1 ( .3397461 ) (-16960 / ( ( 35.88 * 2 ) ( 

6.247158E-02 > ( .24 ) ) ) 
=-300 psi. 

Bending due to Ml (616) = Kb(L6)(6(Ml)/((f2)(Rm)(6))) 
= 1 ( 5.302475E-02 ) ( 6 (-16960 ) / ( ( .24 * 2 ) ( 

35.88 ) ( 7.442179E-02 ) ) ) 
=-35083 psi. 

Press, stress (617) = Dp(Rm)(Iv)/(2(T)) 
= 2 ( 35.88 ) ( 1 ) / ( 2 ( .24 ) ) 

« 149 psi. 
Stresses Au Al Bu Bl Cu C I  Du Dl 

-61 1 -405 -405 -405 -405 -434 -434 -434 -434 
-61 2 -2059 2059 -2059 2059 -1488 1488 -1488 1488 
-61 3 0 0 0 0 159 159 -159 -159 
-61 4 0 0 0 0 7809 -7809 -7809 7809 

m 
300 300 -300 -300 0000 
35083 -35083 -35083 35083 0000 

-61 32919 -33129 -37847 36437 6046 -6596 - 9890 8704 
-6p 149 149 149 149 149 149 149 149 



M-LOIL P 27 

33068 -32980 -37698 36586 6195 -6447 -9741 8853 



M-IO/T P. 0P/CFZ 

Item no. : F#1-EAST S/o no. : .240 

***************************************************** 

^^ear 

Shear due to VI (4s1) = Vl/(4(Cl)(T)) 
= 760 / ( 4 ( 7.75 ) < .24 ) ) 

= 102 psi. 

Shear due to Vc (4s2) = Vc/(4(Cc)(T)) 
=-220 / ( 4 ( .1875 ) ( .24 ) ) 
=-1223 psi. 

Shear due to Mt (4s3) = 0 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-4s 1 0 0 0 0 -102 -102 102 102 
-4s 2 -1223 -1223 1223 1223 0000 
-4s 3 0 0 0 0 0 0 0 0 

-4st -1223 -1223 1223 1223 -102 -102 102 102 

Coirbined stress intensity : 

- When 4st = 0 

•
(comb.) = The larger of : 

4ct 
2} 4lt 
3) 4It - 4ct 

- When 4st <> 0 

4 (comb.) = The larger of : 
1) 0.5[41t+4ct+Sqr.((411-4ct)"2+4(4st *2))] 
2) 0.5(4lt+4ct-Sqr.((4lt-4ct)"2+4(4st"2))] 
3) Sqr.((4lt-4ct)*2+4(4st"2))) 

Stresses Au Al Bu Bl Cu CI Du Dl 

-4s (comb.) 33155 38860 -37786 38427 13342 -13469 -19275 19064 



FORM 5007 REV 4/91 P. £1 <LE H2 

Raytheon 
Engineers & Constructors 

GENERAL 
COMPUTATION 

SHEET 

PROJECT FHR CM£ 

SUBJECT., SLURRy POT PUMP /3fffiCkreTS 

CALCULATION SET NO 

H-/Q/ 
PRELIM FINAL VOID 

SHEET OF 

JO 9353.00/ 

REV COMP BY 

RFISNUIR* £~ T-TII&D' 
DATE 

DATE 

CHK'D Bv 

DATE 
T/Z.S/QS 

DATE 

^lofpjT ~ L-or tP fDL -f~LL) 
3/Q THK. SHEL.L IS OK 
.200nrH* SHELL IS MINIMUM /PLLCWHGLG -

MAX. MEMBRANE STRESS (CIR CU/KE) 

359PST -HL3YS5S-39 PSI = 13/975/S/̂  IJ(/2JW) * 13,17C? PJ/ K 

MFTX. SURFACE STRESS (LOUG/T) 
-33 ?93FS 3- 0(LZ?0<Y) - 33, ISO PSI ~ 

IImNT * I  4 -  LOAD *7 SDLTSEISMIC) 
THK, SHELL IS OK 

. 3SO " TFfK. SHELL IS MINIMUM ALLOUV/IOLE ; 
MAX. MEMBRANE STRESS SCIRCUMK) 

-520PSI - 13,338 PSI - —133? 43 PSI X /. TP3F?OH) *&W0 * 

-SZOPSI +12,226 PSI +ZC6PS! - +12964 PS/ " 

MFLX. SURTPOE STRESS C-CLE/T) 

_ 2^ 4r4 PSI =-27, 4S4PS/ < 3 (12 pad) -38,IOOPS\ 

CRITICAL LOHO OOND/T/OM-MM THK = <2, 2SO 

APPLIES TO FUPNPCC *2 - EPST POT 

// 



FORM 5007 REV. 4/91 FT <JO OFDLT 
United Engineers 
It Constructors 
A Myttieon Company 

GENERAL 
COMPUTATION 

SHEET 

PROJECT FMC. CORP. 

subject SLUKRV POT PUMP FT F?*C ICERS 

FunNnee #Z -EAST P<?T 

CALCULATION SET NO 

M-IOI" 
PRELIM FINAL <-VOID 

SHEET OF 

J.o 9353.001 

REV COMP BY 

MFH'JITJ-
DATE 

F/SM 

DATE 

CHK'D Bv 

DATE 

'/•2^VS 

DATE 

H . " 

22.2FT 

&Qg=lgO°-2f .PI0* IS7.I / '  

0m)*lZ09+2Z.Xft* 202. Ft1 

PCUJ(+) 

I—B R RHES~<R KT/OLS &SRRTC3L/SH M/NJ, TH at ; 

F~ U FTTJB CB  ̂2 FFST POT 



SLURRY POT PUMP BRACKET (FMCP-F4E)  PAGE H O  0 *  
* FURNACE (f i )  -  EAST SLURRY POT ,  .  ~ _ , a?  

AHOF, PN<Z£ 7 / OPNT-
CU 

SUPPORT REACTIONS -UNIT KIPS INCH STRUCTURE TYPE = SPACE 

13 

14 

LOAD FORCE-X FORCE-Y FORCE-Z MOM-X MOM-Y MOM Z 

1  0 .  02 0 . 6 5  0 .  00 - 1 5 . 0 4  0 . 0 1  - 0 . 4 2  
2  0 .  00 0 . 0 8  0 .  00 - 2  . 3 5  0 . 0 0  - 0 .  0 6  
3  0 .  00 - 0 .  1 3  0 .  00 3  .  01 0 .  00 0  .  08 
4  - 0 . 2 4  - 0 .  5 4  0 . 4 6  - 3 4 . 5 8  - 0 . 0 5  - 1 . 8 3  
5- 0 .  00 0 .  00 - 0  . 2 2  7  . 4 6  -0  .  01 0 . 0 0  
6  0  .  02 0  . 7 3  0  .  00 - 1 7 . 3 9  0  .  01 - 0 . 4 9  
7  0 . 2 0  0  . 9 9  - 0 . 3 5  12 .  40 0  .  04 1 . 0 0  
8  0  .  01 0 . 5 9  - 0 .  1 6  -7  .  94 0  .  00 - 0  . 3 8  
1  - 0 .  0 2  0  .  89 0 . 0 0  - 2 0 . 2 8  - 0 .  0 2  0 . 1 1  
2 0 .  00 0  .  12 0  .  00 -3  .  25 0  .  00 0  . 0 1  
3  0 .  00 - 0 .  1 8  0 .  00 4  .  06 0  .  00 -0  .  02 
4  - 0 . 2 8  0 .  54 - 0 . 4 6  34 .  58 0  .  02 -6  .  52 
5  0  .  00 0 .  00 - 0 . 3 1  14 .  83 0 .  02 - 0 . 0 2  
6 fnt+UL) -0.02- - 1 . 0 2  ?  0.00 -23.54 -0.02 0.11 

V7 (btts&s) 

O
 

(N • 

O
 0.40" 0.35 -44.19 -0. 03 4 . 99 

8 - 0 . 0 1  0 . 8 0  - 0 . 2 3  -7  .  13 0 .  00 0 .  08 

************** END OF LATEST ANALYSIS RESULT ************** 

7 8 .  L O A D  L I S T  6  T O  8  
7 9 .  P R I N T  J O I N T  D I S P L A C E M E N T S  



P.IZORTFZ 

STEARNS-ROGER DIV-1 TRANSFORMATION OF COORDINATES PROGRAM 

DATE 12-15-1994 
TIME 15:36:38 

FURNACE - E-FL̂ R PAR 

JOINT *14 - LA NO *<L 

(DL+LL) *3.osm 

NOZZLE ORIENTATION = 202.80 DEG 

PIPING LOADS : 

FXO = -20.00 LBS MXO = -1961.67 FT-LBS 
FY0 = 1020.00 LBS MY0 = -1.67 FT-LBS 
FZ0 = 0.00 LBS MZ0 = 9.17 FT-LBS 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED LOADS : 

P (Z) = 0.01 KIPS 
VC(X) = -0.02 KIPS 
VL(Y) = 1.02 KIPS 

MC(Y) = -0.02 IN-KIPS 
ML(X) = -21.66 IN-KIPS 
MT(Z) = 9.22 IN-KIPS 



PRESSURE VESSEL DESIGN PRO CORP. 
HOUSTON TX 

— COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP. 

P.O. NO. : 9353001 

ITEM NO. : F#2-EAST S/O NO. : .375 

DESIGNER NAME : M.SCHULTZ DATE : 12-19-1994 

--- Stresses in Cylindrical Shell — 

Attachment Mk. : JT14LD6 

M.A.U.P. : 2 psi. 
Des. temp. : 100 deg. F 

Vessel 

^^yl. ID. : 71.25 in. Cyl. mean rad. : 35.8125 in. (corr.) 
thk. : .375 in. ( .375 in. (corr.)) 

^^laterial : SA 36 
Allow, stress : 12700 psi. 

Attachment 

Shape : Rectangular 

CI : 17.25 in. 
Cc : .125 in. 

Loads & Moments 

Radial load P : 10 lb. 
Shear load Vc :-20 lb. 
Shear load VI : 1020 lb. 
Moment Mc :-20 in.-lb. 
Moment Ml :-21660 in.-lb. 
Moment Mt : 9220 in.-lb. 

Stress coefficient factors 

Kn : 1 
C1a : 14.69529 
C3 : 7.697482E-02 
Lla : 16.83805 

: .3232207 

K1(Nf) : .91 
K2(Nf) : 1.48 
Kc(6) : 1.008052 
Cc(Nf) : .15 

Kb : 1 
C1b : 16.23275 
C4 : .1009 

Lib : 17.02763 
L4 : .06 

K1(Nx) : 1.68 
K2(Nx) : 1.2 
Kc(Mf) : 1.287217 
Cc(Nx) : .44 

Iv : 1 
C2a : .1946482 

C5 : 8.300258 
L2a : .1434798 

L5 : .84346 

K1(Mf) : 1.76 
K2CMO : .88 
Kc(Mx) : 1.66028 

C2b : .1438118 
C6 : 1.462491E-02 
L2b : .1039827 
L6 : 4.130381E-02 

K1(Mx) : 1.2 
K2(Mx) : 1.25 



KIC6) : 1.345913 Kl(Mf) : 2.104697 ICl(Mx) : 1.204513 

Cl(Nf) : .77 Cl(Nx) : .24 

M-IOI, KIT OR 142 



Item no. : F#2-EAST S/o no. : .375 

trie parameters 

Gamma = Rm/T = 35.8125 / .375 
= 95.5 

M-IOI, p. is or 112 

41x = Cc/Rm = .125 / 35.8125 = 3.490401E-03 
62x = Cl/Rm = 17.25 / 35.8125 = .4816754 
6x = 41x/62x = 3.490401E-03 / .4816754 = 7.246377E-03 

61 : 6.705466E-02 62 : .03449 63 : 1.803717E-02 
64 : 2.321776E-02 65 : 9.320976E-02 66 : .1961783 

Circumferential stresses : 

Membrane due to P (6c1) = Kn(C1x)(P/(Rm(T))) 
= 1 ( Clx ) ( 10 / ( 35.8125 ( .375 ) ) ) 
- 11 psi. ( 12 psi. ) 

Bending due to P (Sc2) = Kb(C2x)(6(P)/(f2)) 
= 1 < C2x ) ( 6 ( 10 ) / ( .375 * 2 ) ) 
= 83 psi. ( 61 psi. ) 

Membrane due to Mc (4c3) = Kn(C3)(Mc/((Rm_2)(4)(T))) 
= 1 ( 7.697482E-02 ) (-20 / ( ( 35.8125 " 2 ) ( 

J.803717E-02 ) ( .375 ) ) ) 
=-1 psi. 

Bending due to Mc (6c4) = Kb(C4)(6(Mc)/((T'2)(Rm)(6))) 
= 1 ( .1009 ) ( 6 (-20 ) / ( ( .375 * 2 ) ( 35.8125 ) ( 

2.321776E-02 ) ) ) 
=-105 psi. 

Membrane due to Ml (6c5) = Kn(C5)(Ml/((Rm~2)(6)(T))) 
= 1 ( 8.300258 ) (-21660 / ( ( 35.8125 * 2 ) ( 

9.320976E-02 ) ( .375 ) ) ) 
=-4011 psi. 

Bending due to Ml (6c6) = Kb(C6)(6(Ml)/((T*2)(Rm)(6))) 
= 1 ( 1.462491E-02 ) ( 6 (-21660 ) / ( ( .375 * 2 ) ( 

35.8125 ) ( .1961783 ) ) ) 
=-1925 psi. 

Press, stress (4c7) = Dp(Rm)(Iv)/(T) 
= 2 ( 35.8125 ) ( 1 ) / ( .375 ) 
= 191 pmi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-4c 1 -12 -12 -12 -12 -11 -11 -11 -11 
-4c 2 -61 61 -61 61 -83 83 -83 83 

-4c 3 0 0 0 0 1 1 -1 -1 

•

4 0 0 0 0 105 -105 -105 105 
5 4011 4011 -4011 -4011 0000 

-4c 6 1925 -1925 -1925 1925 0000 

-4c 5863 2135 -6009 -2037 12 -32 -200 176 
-4p 191 191 191 191 191 191 191 191 



-Act 6054 2326 -5818 -1846 203 159 -9 367 



Item no. : F#2-EAST S/o no. : .375 M'/O/, /*? 9 7 OF? / 9 £ 

etric parameters 

Gamna = 95.5 

4x1 : 3.490401E-03 
4x2 : .4816754 
4x : 7.246377E-03 

41 : 5.185783E-02 42 : 5.457154E-02 43 : 1.803717E-02 
44 : 2.994676E-02 45 : 9.320976E-02 46 : .1122724 

Longitudinal stresses : 

Membrane due to P (411) = Kn(Llx)(P/(Rm(T))) 
= 1 ( L1x ) ( 10 / ( 35.8125 ( .375 ) ) ) 
= 13 psi. ( 13 psi. ) 

Bending due to P (412) = Kb(L2x)(6(P)/(T"2)) 
= 1 ( L2x ) ( 6 ( 10 ) / ( .375 * 2 ) > 
= 61 psi. ( 44 psi. ) 

Membrane due to Mc (413) = Kn(l3)(Mc/((RnT2)(6)(T))) 
= 1 ( .3232207 ) (-20 / ( ( 35.8125 * 2 ) ( 

1.803717E-02 ) ( .375 ) ) ) 
=-2 psi. 

^Bting due to Mc (414) = Kb(L4)(6(Mc)/((T"2)(Rm)(4))) 
= 1 ( .06 ) ( 6 (-20 ) / ( ( .375 " 2 ) ( 35.8125 ) ( 

2.994676E-02 ) ) ) 
=-49 psi. 

Membrane due to Ml (415) = Kn(L5)(Ml/((Rm'2)(6)(T))) 
= 1 ( .84346 ) (-21660 / ( ( 35.8125 * 2 ) ( 

9.320976E-02 ) ( .375 ) ) ) 
=-409 psi. 

Bending due to Ml (416) = Kb(L6)(6(Ml)/((T~2)(Rm)(6))) 
= 1 ( 4.130381E-02 ) ( 6 (-21660 ) / ( ( .375 * 2 ) ( 

35.8125 ) ( .1122724 ) ) ) 
=-9495 psi. 

Press, stress (417) = Dp(Rm)(Iv)/(2(T)) 
= 2 ( 35.8125 ) ( 1 ) / ( 2 ( .375 ) ) 
» 96 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-41 1 
-41 2 
-41 3 
-41 4 

* 

-13 
-61 
0 
0 
409 
9495 

-13 
61 
0 
0 
409 

-9495 

-13 
-61 
0 
0 

-409 
-9495 

-13 
61 
0 
0 

-409 
9495 

-13 
-44 
2 
49 

0 
0 

-13 
44 
2 

-49 

0 
0 

-13 
-44 
-2 
-49 
0 
0 

-13 
44 

-2 
49 

0 
0 

-41 19830 -9038 < -9978 9134 -6 -16 -108 78 
-4p 96 96 96 96 96 96 96 96 



-Alt 9926 -8942 -9882 9230 90 80 
MIGLJ F 9# OR /<?? 

-12 174 



Item no. : F#2-EAST S/o no. : .375 
M'10/J /??? OF/9Z 

lar stresses : 

Shear due to VI (As1) = Vl/(4(Cl)(T)) 
= 1020 / C 4 ( 17.25 ) ( .375 ) ) 
= 39 psi. 

Shear due to Vc (As2) = Vc/(4(Cc)(T)) 
=-20 / ( 4 ( .125 ) ( .375 ) ) 
=-108 psi. 

Shear due to Mt (As3) = 0 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-As 1 0 0 0 0 -39 -39 39 39 

-As 2 -108 -108 108 108 0 0 0 0 

-As 3 0 0 0 0 0 0 0 0 

-Ast -108 -108 108 108 -39 -39 39 39 

Combined stress intensity : 

- When Ast = 0 

comb.) = The larger of 

Act 
2) Alt 
3) Alt - Act 

- When Ast <> 0 

A (comb.) = The larger of : 
1) 0.5[Alt+Act+Sqr.((Alt-Act)*2+4(Ast*2))] 
2) 0.5[Alt+Act-Sqr.((Alt-Act)*2+4(Ast"2))] 
3) Sqr.((Alt-Act)*2+4(Ast*2))) 

Stresses Au Al 8u Bl Cu CI Du Dl 

-As (comb.) 9929 11270 - 9886 11078 215 175 78 375 



PRESSURE VESSEL DESIGN PRO CORP. 
HOUSTON TX 

— COMPUTATION OF LOCAL STRESSES — 

CUSTOMER NAME : FMC CORP. 

P.O. NO. : 9353001 

ITEM NO. : F#2-EAST S/O NO. : .20000 

DESIGNER NAME : M.SCHULTZ DATE : 12-19-1994 

— Stresses in Cylindrical Shell 

Attachment Mk. : JT14LD6 

M.A.W.P. : 2 psi. 
Des. temp. : 100 deg. F 

Vessel 

£̂Y £yl. ID. : 71.6 in. Cyl. mean rad. : 35.9 in. (corr.) 
I. thk. : .2 in. ( .2 in. (corr.)) 

fateriat : SA 36 
Allow, stress : 12700 psi. 

Attachment 

Shape : Rectangular 
CI : 17.25 in. 
Cc : .125 in. 

Loads & Moments 

Radial load P : 10 lb. 
Shear load Vc :-20 lb. 
Shear load VI : 1020 lb. 
Moment Mc :-20 in.-lb. 
Moment Ml :-21660 in.-lb. 
Moment Mt : 9220 in.-lb. 

Stress coefficient factors 

Kn : 1 
C1a : 23.75517 
C3 : .1210046 
Lla : 27.53272 

1.004711 

Kb : 1 
C1b : 27.90683 
C4 : .1 
Lib : 29.88587 
L4 : .06 

Iv : 1 
C2a : .1708822 
C5 : 15.10861 
L2a : .1150381 
L5 : .5125719 

C2b : .1184849 
C6 : 9.68625E-03 
L2b : 7.988606E-02 
L6 : 2.659184E-02 

K1(N() : .91 K1(Nx) : 1.68 K1(Mf) : 1.76 
K2(Nf) : 1.48 K2(Nx) : 1.2 K2(Mf) : .88 
Kc(6) : .9560968 Kc(Mf) : 1.186134 Kc(Mx) : 1.465296 

Cc(Nf) : .09 Cc(Nx) : .44 

K1(Mx) 
K2(Mx) 

1 . 2  
1.25 



M'IAL, RT/O/ OR 112 
Kl(6) : 1.456635 Kl<Mf) : 2.079143 Kl(Hx) : 1.197391 
Cl(Nf) : .8 Cl(Nx) : .07 



Item no. : F#2-EAST S/o no. : .20000 M-fOI, P102 !<fZ 

trie parameters 

Gamma = Rm/T = 35.9 / .2 
= 179.5 

61x = Cc/Rm = .125 / 35.9 = 3.481894E-03 
62x = Cl/Rm = 17.25 / 35.9 = .4805014 
Ax = 61x/62x = 3.481894E-03 / .4805014 = 7.246377E-03 

61 : 6.689123E-02 62 : 3.440594E-02 63 : 1.799321E-02 
64 : 2.134235E-02 65 : 9.298259E-02 66 : .1933241 

Circumferential stresses : 

Membrane due to P (6c1) = Kn(C1x)(P/(Rm(T))) 
= 1 ( C1x ) ( 10 / ( 35.9 ( .2 ) > ) 
= 33 psi. ( 39 psi. ) 

Bending due to P <6c2) = Kb(C2x)(6(P)/(T_2>) 
= 1 ( C2x > ( 6 ( 10 > / ( .2 * 2 ) ) 
= 256 psi. ( 178 psi. ) 

Membrane due to Mc (6c3) = Kn(C3)(Mc/((Rm*2)(6)(T))) 
= 1 ( .1210046 ) (-20 / ( ( 35.9 * 2 ) ( 1.799321E-02 

(  . 2  >  )  )  
=-2 psi. 

Bending due to Mc (6c4) = Kb(C4)(6(Mc)/((r2)(Rm)(6))) 
= 1 ( .1 ) ( 6 (-20 ) / ( ( .2 " 2 ) ( 35.9 ) ( 

2.134235E-02 ) ) ) 
=-393 psi. 

Membrane due to Ml (6c5) = Kn(C5)(Ml/((Rm*2)(6)(T))> 
= 1 ( 15.10861 ) (-21660 / ( ( 35.9 * 2 ) ( 

9.298259E-02 ) ( .2 ) } ) 
=-13655 psi. 

Bending due to Ml (6c6) = Kb(C6)(6(Ml)/((T'2)(Rin)(6))) 
= 1 ( 9.68625E-03 ) ( 6 (-21660 ) / ( ( .2 * 2 ) ( 35.9 

) ( .1933241 ) ) ) 
=-4535 psi. 

Press, stress (6c7) = Dp(Rm)(Iv)/(T) 
= 2 ( 35.9 ) ( 1 ) / ( .2 ) 

- 359 psi. 
Stresses Au Al Bu Bl Cu CI Du Dl 

-6c 1 -39 -39 -39 -39 -33 -33 -33 -33 
-6c 2 -178 178 -178 178 -256 256 -256 256 
-6c 3 0 0 0 0 2 2 -2 -2 

4 0 0 0 0 393 -393 -393 393 

5 13655 13655 -13655 -13655 0 0 0 0 
-6c 6 4535 -4535 -4535 4535 0 0 0 0 

-6c 17973 9259 -18407 - 8981 106 -168 -684 614 
-6p 359 359 359 359 359 359 359 359 



TFJ_OL_£J03_QF_MZ 

-4ct 18332 9618 -18048 -8622 465 191 -325 973 



Item no. : F#2-EAST S/o no. : .20000 

trie parameters 

Gamma = 179.5 

M-IOI, P. 10 4 OFR 19 2 

4x1 : 3.481894E-03 
4x2 : .4805014 
4x : 7.246377E-03 

41 : 5.173143E-02 42 : 5.443854E-02 43 : 1.799321E-02 
44 : 2.636538E-02 45 : 9.298259E-02 46 : .1113366 

Longitudinal stresses : 

Membrane due to P (411) = Kn(L1x)(P/(Rm(T))) 
= 1 ( L1x ) ( 10 / ( 35.9 ( .2 ) ) ) 
= 38 psi. ( 42 psi. ) 

Bending due to P (412) = Kb(L2x)(6(P)/(T*2)) 
= 1 ( L2x ) ( 6 ( 10 ) / ( .2 * 2 ) ) 
= 173 psi. ( 120 psi. ) 

Membrane due to Mc (413) = Kn(L3)(Mc/{(Rm-2)(6)(T))) 
= 1 ( 1.004711 ) (-20 / ( ( 35.9 * 2 ) ( 1.799321E-02 

) ( .2 ) ) ) 
=-5 psi. 

ing due to Mc (414) = Kb(L4)(6(Mc) / ( ( r 2 )(Rni)(4))) 
= 1 ( .06 ) ( 6 (-20 ) / ( ( .2 * 2 ) ( 35.9 ) ( 

2.636538E-02 ) ) ) 
=-191 psi. 

Membrane due to Ml (415) = Kn(L5)(Ml/((Rm"2)(4)(T))) 
= 1 ( .5125719 ) (-21660 / ( ( 35.9 * 2 ) ( 

9.298259E-02 ) ( .2 ) ) ) 
=-464 psi. 

Bending due to Ml (416) = Kb(L6)(6(Ml)/((T-2)(Rm)(4))) 
= 1 ( 2.659184E-02 ) ( 6 (-21660 ) / ( ( .2 * 2 ) ( 

35.9 ) ( .1113366 ) ) ) 
=-21617 psi. 

Press, stress (417) = Dp(Rm)(Iv)/(2(T)) 
= 2 ( 35.9 ) ( 1 ) / ( 2 ( .2 ) ) 

• 179 psi .  
Stresses Au Al Bu Bl Cu CI Du 01 

- 41  1 -38 -38 -38 -38 -42 -42 -42 -42 
- 41  2 -173 173 -173 173 -120 120 -120 120 
- 41  3 0 0 0 0 5 5 -5 -5 
- 41  4 0 0 0 0 191 -191 -191 191 

15 464 464 -464 -464 0 0 0 0 
6 21617 -21617 -21617 21617 0000 

-41 > 21870 -21018 ; j-22292 i' 21288 34 -108 -358 264 
-4p 179 179 179 179 179 179 179 179 



A1-IOI, /OS °R I9Z 

.jlt 22049 -20839 -22113 21467 213 71 -179 443 



Item no. : F#2-EAST S/o no. : .20000 
A1-101, P. 106 OR ML 

stresses : 

Shear due to VI (is!) = Vl/(4(Cl)(T)) 
= 1020 / ( 4 ( 17.25 ) ( .2 ) ) 
= 74 psi. 

Shear due to Vc (is2) = Vc/(4(Cc)(T)) 
=-20 / ( 4 ( .125 ) ( .2 ) ) 

=-201 psi. 

Shear due to Mt (Is3) = 0 psi. 

Stresses Au AI Bu Bl Cu CI Du Dl 

-is 1 
•is 2 
-is 3 

0 
-201 
0 

0 
-201 
0 

0 
201 
0 

0 
201 
0 

-74 
0 
0 

-74 

0 
0 

74 
0 
0 

74 
0 
0 

-ist -201 -201 201 201 -74 -74 74 74 

Combined stress intensity 

- Uhen ist = 0 

.) = The larger of : 
Wet 

2) ilt 
3) ilt - ict 

When ist <> 0 

i (comb.) = The larger of : 
1) 0.5(ilt+ict+Sqr.((ilt-ict)*2+4(ist*2))] 
2) 0.5[ilt+ict-Sqr.((ilt-ict)*2*4(ist"2))] 
3) Sqr.((ilt-ict)'2+4(ist"2))) 

Stresses Au Al Bu Bl Cu CI Du Dl 

-is (comb.) 22060 30460 -22124 30092 485 226 -357 983 



M-t01, p. toy or HZ 

STEARNS-ROGER DIV-1 TRANSFORMATION OF COORDINATES PROGRAM 

DATE 12-15-1994 

TIME 15:38:43 

F'ufZHACB *2- EAST Por r™.!!5!" JO,N 7- */+- Lono #7 
(p L +S£-}Smtc) St -1. !Sm *2.aSr> 

NOZZLE ORIENTATION = 202.80 DEG 

PIPING LOADS : 

FXO = 200.00 LBS MX0 = -3682.50 FT-LBS 
FY0 = 400.00 LBS MY0 = -2.50 FT-LBS 
FZ0 = 350.00 LBS MZ0 = 415.83 FT-LBS 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED LOADS : 

P (Z) = 0.25 KIPS MC(Y) = -0.03 IN-KIPS 
VC(X) = 0.32 KIPS ML(X) = -38.80 IN-KIPS 
VL(Y) = 0.40 KIPS MT(Z) = 21.72 IN-KIPS 



M-IOI, RIO! OF HZ 
»****#**#•*•* 

PRESSURE VESSEL DESIGN PRO CORP. 
HOUSTON TX 

--- COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP. 

P.O. NO. : 9353001 

ITEM NO. : F#2-EAST S/O NO. 

DESIGNER NAME : M.SCHULTZ 

.375 

DATE : 12-19-1994 

— Stresses in Cylindrical Shell 

Attachment Mk. : JT14LD7 

M.A.U.P. : 2 psi. 
Des. temp. : 100 deg. F 

Vessel 

« :yl. ID. : 71.25 in. Cyl. mean rad. : 35.8125 in. (corr.) 
. thk. : .375 in. ( .375 in. (corr.)) 

terial : SA 36 
Allou. stress : 12700 psi. 

Attachment 

Shape : Rectangular 
CI : 17.25 in. 
Cc : .125 in. 

Loads & Moments 

Radial load P : 250 lb. 
Shear load Vc : 320 lb. 
Shear load VI : 400 lb. 
Moment Mc :-30 in.-lb. 
Moment Ml :-38800 in.-lb. 
Moment Mt : 21720 in.-lb. 

Stress coefficient factors 

Kn : 1 Kb : 1 
Cla : 14.69529 C1b : 16.23275 
C3 : 7.697482E-02 C4 : .1009 

L1a : 16.83805 Lib : 17.02763 
: .3232207 

K1(Nf) : .91 
K2(N() : 1.48 
Kc(6) : 1.008052 

Cc(N() : .15 

L4 : .06 

K1(Nx) 
K2(Nx) 
Kc(Mf) 
Cc(Nx) 

Iv : 1 
C2a : .1946482 

C5 : 8.300258 
L2a : .1434798 
L5 : .84346 

1.68 
1 . 2  

1.287217 

.44 

K1(Mf) 
K2(Mf) 
Kc(Mx) 

1.76 
.88 
1.66028 

C2b : .1438118 
C6 : 1.462491E-02 

L2b : .1039827 
L6 : 4.130381E-02 

K1(Mx) 
K2(Mx) 

1 .2  
1.25 



M-IOI, /OQ OR 112 

Kl(6) : 1.345913 KiCMf) : 2.104697 
Cl(Nf) : .77 CWNx) : .24 

Kl(Mx) : 1.204513 



Item no. : F#2-EAST S/o no. : .375 

trie parameters 

Gamma = Rm/T = 35.8125 / .375 
= 95.5 

TF'IOI, P. IIO of I9Z 

41x = Cc/Rm = .125 / 35.8125 = 3.490401E-03 
42x = Cl/Rm = 17.25 / 35.8125 * .4816754 
6x = 61x/62x = 3.490401E-03 / .4816754 = 7.246377E-03 

41 : 6.705466E-02 42 : .03449 43 : 1.803717E-02 
44 : 2.321776E-02 65 : 9.320976E-02 46 : .1961783 

Circumferential stresses : 

Membrane due to P (Ac1) = Kn(C1x)(P/(Rm(T))) 
= 1 ( C1x ) ( 250 / ( 35.8125 ( .375 ) ) ) 
= 274 psi. ( 302 psi. ) 

Bending due to P (4c2) = Kb(C2x)(6(P)/(T*2)) 
x 1 ( C2x ) ( 6 ( 250 ) / ( .375 * 2 ) ) 
= 2076 psi. ( 1534 psi. ) 

Membrane due to Mc (4c3> = Kn(C3)(Mc/((Rm*2)(6)(T))) 
= 1 ( 7.697482E-02 ) (-30 / ( ( 35.8125 * 2 ) ( 

1.803717E-02 ) ( .375 ) ) ) 
=-1 psi. 

Bending due to Mc (4c4) = Kb(C4)(6(Mc)/((r2)(Rm)(6))> 
= 1 ( .1009 ) ( 6 (-30 ) / ( ( .375 * 2 ) ( 35.8125 ) ( 

2.321776E-02 ) ) ) 
=-156 psi. 

Membrane due to Ml (4c5) = Kn(C5)(Ml/((Rm'2)(6)(T)>) 
= 1 ( 8.300258 ) (-38800 / ( ( 35.8125 * 2 ) ( 

9.320976E-02 ) ( .375 ) ) ) 
=-7185 psi. 

Bending due to Ml (6c6) = Kb(C6)(6(Ml)/((T_2)(Rm)(6))) 
= 1 ( 1.462491E-02 ) ( 6 (-38800 ) / ( ( .375 * 2 ) ( 

35.8125 ) ( .1961783 ) ) ) 
=-3447 psi. 

Press, stress (Ac7) = Dp(Rm)(Iv)/(T) 
= 2 ( 35.8125 ) ( 1 ) / ( .375 ) 

- 191 psi. 
Stresses Au Al Bu Bl Cu CI Du Dl 

-4c 1 -302 -302 -302 -302 -274 -274 -274 -274 
-4c 2 -1534 1534 -1534 1534 -2076 2076 -2076 2076 
-4c 3 0 0 0 0 1 1 -1 -1 

•

c 4 0 0 0 0 156 -156 -156 156 
I 5 7185 r 7185 -7185 -7185 0000 

-4c 6 3447 -3447 -3447 3447 0 0 0 0 

-6c 8796 4970 -12468 - 2506 - 2193 1647 - 2507 1957 
-4p 191 191 191 191 191 191 191 191 



M:JOI F.UI OF/J2_ 

-ict 8987 5161 -12277 - 2315 - 2002 1838 - 2316 2 K8 



Item no. : F#2-EAST S/o no. : .375 
M-IOI, PJI2 OF /92 

trie parameters 

Gafrma = 95.5 

6x1 : 3.490401E-03 
6x2 : .4816754 
6x : 7.246377E-03 

61 : 5.185783E-02 62 : 5.457154E-02 63 : 1.803717E-02 
64 : 2.994676E-02 65 : 9.320976E-02 66 : .1122724 

Longitudinal stresses : 

Membrane due to P (611) = Kn(L1x)(P/(Rm(T))) 
= 1 ( L1X ) ( 250 / < 35.8125 ( .375 ) ) ) 
= 313 psi. ( 317 psi. ) 

Bending due to P (612) = Kb(L2x)(6(P)/(T*2)) 
• 1 ( L2x > < 6 ( 250 > / ( .375 * 2 > > 
= 1530 psi. ( 1109 psi. > 

Membrane due to Mc (613) = Kn(L3)(Mc/((Rm*2)(6)(T))) 
= 1 ( .3232207 ) (-30 / ( ( 35.8125 * 2 ) ( 

1.803717E-02 ) ( .375 ) ) ) 
=-2 psi. 

^^ending due to Mc (614) = Kb(L4)(6(Mc)/((T*2)(Rm)(6))) 
= 1 ( .06 ) ( 6 (-30 ) / ( ( .375 " 2 ) ( 35.8125 ) ( 

2.994676E-02 ) ) ) 
=-73 psi. 

Membrane due to Ml (615) = Kn(L5)(Ml/((Rm"2)(6)(T))) 
= 1 ( .84346 ) (-38800 / ( ( 35.8125 * 2 ) ( 

9.320976E-02 ) ( .375 ) ) ) 
=-731 psi. 

Bending due to Ml (616) = Kba6)(6(Ml)/((r2)(Rm)(6)>) 
= 1 ( 4.130381E-02 ) ( 6 (-38800 ) / ( ( .375 * 2 ) ( 

35.8125 ) ( .1122724 ) ) ) 
=-17007 psi. 

Press, stress (617) = Dp(Rm)(Iv)/(2(T)) 
= 2 ( 35.8125 ) ( 1 ) / ( 2 ( .375 ) ) 

cj» 96 psi. 
Stresses Au Al Bu Bl Cu CI Du Dl 

-61 1 -313 -313 -313 -313 -317 -317 -317 -317 
-61 2 -1530 1530 -1530 1530 -1109 1109 -1109 1109 
-61 3 0 0 0 0 2 2 -2 -2 
-61 4 0 0 0 0 73 - 73 - 73 73 

•

1 5 731 731 -731 -731 0 0 0 0 
I 6 17007 -17007 -17007 17007 0000 

-61 15895 -15059 -19581 17493 -1351 721 -1501 863 
-6p 96 96 96 96 96 96 96 96 



M-LOI,P.U3 CRJIZ 

-ilt 15991 -14963 -19485 17589 -1255 817 -1405 959 



M'LOL,P. H4 OR FQZ 
Item no. : F#2-EAST S/o no. : .375 

******************************************************************************** 

stresses 

Shear due to VI (4s1) = Vl/(4(Cl)(T)) 
= 400 / ( 4 ( 17.25 ) ( .375 ) ) 
= 15 psi. 

Shear due to Vc (4s2) = Vc/(4(Cc)(T)) 
= 320 / ( 4 ( .125 ) ( .375 ) ) 
= 1707 psi. 

Shear due to Ht (4s3) = 0 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-4s 1 0 0 0 0 -15 -15 15 15 
-4s 2 1707 1707 -1707 -1707 0000 
-4s 3 0 0 0 0 0 0 0 0 

-4st 1707 1707 -1707 -1707 -15 -15 15 15 

Combined stress intensity : 

- When 4st = 0 

* comb.) = The larger of 

4ct 
2) 4Lt 
3) 4lt - 4ct 

- When 4st <> 0 

4 (comb.) = The larger of : 
1) 0.5[4lt+4ct+Sqr.((4lt-4ct)*2+4(4st*2))) 
2) 0.5[4lt+4ct-Sqr.((4lt-4ct)*2+4(4st'2))] 
3) Sqr.((4lt-4ct)*2+4(4st"2))) 

Stresses Au Al Bu Bl Cu CI Du Dl 

-4s (comb.) 16385 20412 -19870 20195 -2003 1838 -2317 2148 



PRESSURE VESSEL DESIGN PRO CORP. 

HOUSTON TX 

•A************************************************** 

--- COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP. 

P.O. NO. : 9353001 

ITEM NO. : F#2-EAST S/O NO. : .280 

DESIGNER NAME : M.SCHULTZ DATE : 01-10-1995 

— Stresses in Cylindrical Shell 

Attachment Mk. : JT14LD7 

M.A.U.P. : 2 psi. 
Des. temp. : 100 deg. F 

Vessel 

Cyl. ID. : 71.44 in. Cyl. mean rad. : 35.86 in. (corr.) 
I. thlc. : .28 in. ( .28 in. (corr.)) 

'aterial : SA 36 
Allow, stress : 12700 psi. 

Attachment 

Shape : Rectangular 
Cl : 17.25 in. 
Cc : .125 in. 

Loads & Moments 

Radial load P : 250 lb. 
Shear load Vc : 320 lb. 
Shear load VI : 400 lb. 
Moment Mc :-30 in.-lb. 
Moment Ml :-38800 in.-lb. 
Moment Mt : 21720 in.-lb. 

Stress coefficient factors 

In : 1 Kb : 1 Iv : 1 
C1a : 18.34744 C1b : 20.89945 C2a : .1834893 
C3 : 7.359894E-02 C4 : .1 C5 : 11.42641 
L1a : 21.51096 Lib : 22.21207 L2a : .1317938 

.553916 L4 : .06 L5 : .3537108 

C2b : .1342495 
C6 : .0124718 
L2b : 9.280605E-02 
L6 : 3.497706E-02 

K1(NO : .91 
K2(Nf) : 1.48 
Kc(6) : .9839353 
Cc(Ni) : .09 

K1(Nx) : 1.68 K1(MO : 1.76 
K2(Nx) : 1.2 K2(Mf) : .88 
Kc(Ml) : 1.244606 Kc(Mx) : 1.57475 
Cc(Nx) : .44 

K1(Mx) 
K2(Mx) 

1 . 2  

1.25 



M-/OZ P.I 16, OR/?Z 

KU6) : 1.390746 ICUMf) : 2.089354 ICl(Mx) : 1.197391 
Cl(Nf) : .8 Cl(Nx) : .07 



Item no. : F#2-EAST S/o no. : .280 
M-/0/, P.H1 OR/92 

^^Kxne trie parameters 

Garrana = Rm/T = 35.86 / .28 
= 128.0714 

41x = Cc/Rm = .125 / 35.86 = 3.485778E-03 
42x = Cl/Rm = 17.25 / 35.86 = .4810374 
6x = 41x/62x = 3.485778E-03 / .4810374 = 7.246377E-03 

61 : 6.696583E-02 
64 : 2.241943E-02 

62 : 3.444431E-02 
65 : 9.308631E-02 

63 : 1.801328E-02 
66 : .1944903 

Circunferential stresses : 

Membrane due to P (4c1) = Kn(C1x)(P/(Rm(T))) 
= 1 ( C1x ) ( 250 / ( 35.86 ( .28 ) ) ) 
= 457 psi. ( 520 psi. ) 

Bending due to P (6c2) = Kb<C2x)(6(P)/(T*2)) 
= 1 < C2x ) ( 6 < 250 ) / ( .28 * 2 ) ) 
= 3511 psi. ( 2569 psi. ) 

Membrane due to Mc (6c3) = Kn(C3)(Mc/((RnT2)(6)(T))) 
= 1 ( 7.359894E-02 ) (-30 / ( ( 35.86 * 2 ) ( 

1.801328E-02 ) ( .28 > ) ) 
=-1 psi. 

Bending due to Mc (4c4> = Kb(C4)(6(Mc)/((r2)(Rm)(6))> 
= 1 ( .1 ) ( 6 (-30 ) / ( ( .28 * 2 ) ( 35.86 ) ( 

2.241943E-02 ) ) ) 
=-287 psi. 

Membrane due to Ml (4c5) = Kn(C5)(Ml/((Rm-2)(4)(T))) 
= 1 ( 11.42641 ) (-38800 / ( ( 35.86 " 2 ) ( 

9.308631E-02 ) ( .28 ) ) ) 
=-13228 psi. 

Bending due to Ml (4c6) = Kb(C6)(6(Ml)/((T*2)(Rm)(6))> 
= 1 ( .0124718 ) ( 6 (-38800 ) / ( ( .28 * 2 ) ( 35.86 

) ( .1944903 ) ) ) 
=-5311 psi. 

Press, stress (6c7) = Dp(Rm)(Iv)/(T) 
= 2 ( 35.86 ) ( 1 ) / ( .28 ) 
= 256 pai. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-6c 1 *520 -520 -520 -520 -457 -457 -457 -457 

-6c 2 -2569 2569 -2569 2569 -3511 3511 -3511 3511 

-6c 3 0 0 0 0 1 1 -1 -1 

|6c 4 0 0 0 0 287 -287 -287 287 

Pc 5 13228 13228 •13228 -13228 0 0 0 0 

-4c 6 5311 -5311 -5311 5311 0 0 0 0 

-4c 15450 9966 -21628 -5868 -3680 2768 -4256 3340 

"4p 256 256 256 256 256 256 256 256 



MRJQ.L. (?:. J8_ OR H2_ 
-ict 15706 10222 -21372 -5612 -3424 3024 -4000 3596 



M-IOI, P. 120 OF/<72 

23466 -23462 -29326 27690 -2061 1219 -2341 1483 



Item no. : F#2-EAST S/o no. : .280 

M-IOI, P / ? / OF /? Z 

r stresses 

Shear due to VI (Ssl) = Vl/(4(Cl)(T)) 
= 400 / < 4 < 17.25 ) ( .28 ) ) 
= 21 psi. 

Shear due to Vc <4s2) = Vc/(4(Cc)(T)) 
= 320 / ( 4 ( .125 ) ( .28 ) ) 
= 2286 psi. 

Shear due to Ht (Ss3) = 0 psi. 

Stresses Au Al Bu Bl Cu CI Ou Dl 

-Ss 1 0 0 0 0 -21 -21 21 21 

-Ss 2 2286 2286 -2286 -2286 0 0 0 0 

-Ss 3 0 0 0 0 0 0 0 0 

-Sst 2286 2286 -2286 -2286 -21 -21 21 21 

Combined stress intensity : 

- Uhen Sst = 0 

•
pomb.) = The larger of : 

Set 
2) Sit 
3) Sit - Set 

When Sst <> 0 

S (comb.) = The larger of : 
1) 0.5tSlt+6ct+Sqr.((6lt-6ct)"2+4(6st"2))] 
2) 0.5[Slt+Sct-Sqr.((Slt-Sct)"2+4(Sst*2))] 
3) Sqr.<<Slt-6ct)-2+4CSst*2))) 

Stresses Au Al Bu Bl Cu CI Du Dl 

-Ss (conb.) 24089 33993 -29937 33614 -3425 3024 -4001 3596 



FORM 5007 REV 4/91 P. !2ZOF !9Z 

Raytheon 
Engineers & Constructors 

GENERAL 
COMPUTATION 

SHEET 

PROJECT _ ETTC. 

CALCULATION SET NO 

M-/N/ 
PRELIM FINAL VOID 

SHEET OF 

' o  9Z3Z. 00/ 

REV COMP BY 

WU-T 
DATE 

!2/ZA/?Y 

DATE 

CHK'D BY 

DATE 

•/z34<T 

DATE 

SUBJECT SLOPPY POT PUMP R&ACKETS 

jruRNPce #4-EPSRFOF~[ 

JOINT *7 4 - LOPD *6? (DL TLQ 

3/Q" THK. SHBLC. /S OK. 

J IS" THK, SHELL /S M/N/MC/YYJ PLLOWH2LE: 

MIX. MEYPPP/ONF STRESS (ZS/KCCMP) 

4-1 OPS/ T I?700PS/ SOPS/- F%OSOPS/< I.L(L7&&)*/%ESO 
MAX. S^RFPOE STRESS 

ZOO PS/ + 2$/OOPS/ = 23,3/0 PS/ < 3(!7,SOO) * <̂3 

JO/OR ^14 -LORD *7 CDL+SE/SR?/C) 

3/Q " T/FK. SHEEL /S OK. 

, 245 " THH SHELL IS MIN/MC/PR A(-LOCKHELS' ; 

MP*7 m 0m MsnnaRfiNQ STRESS (ctncump) 
+ 297-667 +•' !TT503 = + )8,L33RS' ±/%Z3OPS/ 

-OS7 - J3,SOJ * —19,1 70 ^ 19,230 PSI 
MFT* 1 WW SSCSPRISE STRESS (LOOG/T.) 

- 3%!20PS/ X 3(\I$O<3) = 5Z,500 

CRITICAL LOAD COND/T/ORJ-M/N, THK, * O.Z45 

SPPUOS TO FUPORE3 * 4 -&?.ST POT 

/ /  



FORM 5007 REV. 4/91 
CALCULATION SET NO COMP BY 

GENERAL 
COMPUTATION 

SHEET "E DATE FINAL PRELIM VOID 

DATE DATE 

0<Q3) = LIO'2U7°- 158.83 

&(I4J= IX0+ZA/7°= 201.17° 

L S R  R N E S E  P V R J S  E S R R F C L I S H  W I N ,  T H K  

F'JRNRT CG #4 - EAST PO T 



SLURRY POT PUMP BRACKET (FMCP-F4E) 
* FURNACE 4 - EAST SLURRY POT 

M'IGLJ P 12 4 OR 192 

SUPPORT REACTIONS -UNIT KIPS INCH STRUCTURE TYPE = SPACE 

13 

14 

LOAD FORCE-X FORCE-Y FORCE-Z MOM-X MOM-Y MOM Z 

1 0. 02 0 . 6 5  0 . 0 0  - 1 5 . 0 4  0 . 0 1  - 0 . 4 2  
2 0. 00 0. 08 0 . 0 0  - 2  . 3 5  0. 00 - 0 .  0 6  
3 0 . 00 - 0 .  1 3  0. 00 3 . 01 0 . 00 0 . 08 
4 - 0 . 2 4  - 0 . 5 4  0 . 4 6  - 3 4 . 5 8  - 0 .  0 5  - 1 . 8 3  
5 0. 00 0 . 0 0  - 0 . 2 2  7 . 4 6  - 0 . 0 1  0 . 0 0  
6 0. 02 0 . 7 3  0 . 00 - 1 7 . 3 9  0 . 0 1  - 0 . 4 9  
7 0 . 2 0  0 . 9 9  - 0 . 3 5  1 2  . 4 0  0  .  0 4  1 . 0 0  
8  0 . 0 1  0 . 5 9  - 0 . 1 6  - 7  .  9 4  0  .  0 0  - 0  .  3 8  
1  - 0 .  0 2  0 . 8 9  0  .  0 0  - 2 0 . 2 8  - 0  .  0 2  0 .  1 1  
2  0  .  0 0  0 .  1 2  0 .  0 0  - 3  . 2 5  0  .  0 0  0  .  0 1  
3  0 . 0 0  - 0 .  1 8  0  .  0 0  4  .  0 6  0  .  0 0  - 0 .  0 2  
4  - 0 . 2 8  0  .  5 4  - 0 . 4 6  3 4  .  5 8  0  .  0 2  - 6 .  5 2  
5  0  .  0 0  0 . 0 0  - 0 . 3 1  1 4  . 8 3  0  .  0 2  - 0  .  0 2  

•3 6̂ (DL+LL.) -0.02 ••• 1.02 •' 0.00-3 - -23.54 -0.02 0.11 
id i*

 1
 

o
 

S
 

-• 0.40 0.3 5 * -44.19 

r> o
 • 

0
 

1 4 . 99 
8  - 0 . 0 1  

o
 

CO o
 - 0 . 2 3  -7 .13 0  .  0 0  0 .  0 8  

************** END OF LATEST ANALYSIS RESULT ************** 

7 8 .  L O A D  L I S T  6  T O  8  
7 9 .  P R I N T  J O I N T  D I S P L A C E M E N T S  



M-LOL, P. US' OR /1Z 

STEARNS-ROGER DIV.1 TRANSFORMATION OF COORDINATES PROGRAM 

DATE 12-15-1994 

TIME 14:52:15 

F URNACE * 4  -  E AST P OT 
VERTICAL VESSEL" J0(N T * , 4 - L 

(DL+LL) B-HSN'MSV 

NOZZLE ORIENTATION = 201.17 DEG 

PIPING LOADS : 

FXO = -20.00 LBS MXO = -1961.67 FT-LBS 
FYO = 1020.00 LBS MY0 = -1.67 FT-LBS 
FZ0 = 0.00 LBS MZ0 = 9.17 FT-LBS 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED LOADS : 

P (Z) = 0.01 KIPS MC(Y) = -0.02 IN-KIPS 
VC(X) = -0.02 KIPS ML(X) = -21.91 IN-KIPS 
VL(Y) = 1.02 KIPS MT(Z) = 8.60 IN-KIPS 



****************************** 

PRESSURE VESSEL DESIGN PRO CORP. 

HOUSTON TX 

--- COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP. 

P.O. NO. : 9353001 

ITEM NO. : F#4-EAST S/O NO. : .375 

DESIGNER NAME : M.SCHULTZ DATE : 12-19-1994 

— Stresses in Cylindrical Shell — 

Attachment Mk. : JT14LD6 

M.A.U.P. : 2 psi. 
Des. temp. : 100 deg. F 

Vessel 

<-y 

a' 

Cyl. ID. : 71.25 in. 
I. thk. : .375 in. 

iaterial : SA 516-70 
Allow, stress : 17500 psi. 

Cyl. mean rad. : 35.8125 in. (corr.) 
( .375 in. (corr.)) 

Attachment 

Shape : Rectangular 
CI : 16.25 in. 
Cc : .125 in. 

Loads & Moments 

Radial load P : 10 lb. 
Shear load Vc :-20 lb. 
Shear load VI : 1020 lb. 
Moment Mc :-20 in.-lb. 
Moment Ml :-21910 in.-lb. 
Moment Mt : 8600 in.-lb. 

Stress coefficient factors 

Kn : 1 Kb : 1 Iv : 1 
C1a : 14.97504 C1b : 16.25617 C2a : .1985132 
C3 : 7.386857E-02 C4 : .1009 C5 : 8.278334 

L1a : 17.05382 Lib : 17.16138 L2a : .1464124 
L3 : .3122448 L4 : .06 L5 : .8214218 

C2b : .1460175 

C6 : 1.562734E-02 
L2b : .106738 
L6 : 4.350224E-02 

K1(Nf) : .91 

K2(Nf) : 1.48 
Kc<6) : 1.007994 
Cc(Ni) : .15 

K1(Nx) : 1.68 

K2(Nx) : 1.2 
Kc(Mf) : 1.286997 
Cc(Nx) : .44 

K1(Mf) : 1.76 K1(Mx) : 1.2 

K21MO : .88 K2(Mx) : 1.25 
Kc(Mx) : 1.659922 



M-FOI, P.LWORMZ 
Kl<6) : 1.3456 Kl(Mf) : 2.103761 Kl(Hx) : 1.204348 

Cl(Nf) : .77 Cl(Nx) : .24 



Item no. : F#4-EAST S/o no. : .375 M-/OZ, (°.iZ8 or HZ 

******************************************************************************** 

^̂ ome trie parameters 

Gatrana = Rm/T = 35.8125 / .375 
= 95.5 

61x = Cc/Rm = .125 / 35.8125 = 3.490401E-03 
62x = Cl/Rm = 16.25 / 35.8125 = .4537522 
6x = 61x/62x = 3.490401E-03 / .4537522 = 7.692308E-03 

61 : 6.507067E-02 
64 : 2.275625E-02 

62 : 3.347821E-02 
65 : 8.957173E-02 

63 : 1.768167E-02 
66 : .1884376 

Circunferential stresses : 

Membrane due to P (4c1) = Kn(C1x)(P/(Rm(T))) 
= 1 ( C1x ) ( 10 / ( 35.8125 ( .375 ) ) ) 
= 11 psi. ( 12 psi. ) 

Bending due to P (4c2) = Kb(C2x)(6(P)/(T_2)) 
= 1 ( C2x ) { 6 ( 10 ) / ( .375 " 2 ) ) 
= 85 psi. ( 62 psi. ) 

Membrane due to Mc (4c3) = Kn(C3)(Mc/((Rm"2)(6)(T))) 
= 1 ( 7.386857E-02 ) (-20 / ( ( 35.8125 * 2 ) ( 

1.768167E-02 ) ( .375 ) ) ) 
=-1 psi. 

Bending due to Mc <4c4) = Kb(C4)(6(Mc)/((T*2)(Rm)<6))> 
= 1 ( .1009 ) ( 6 (-20 ) / ( ( .375 * 2 ) ( 35.8125 ) ( 

2.275625E-02 ) ) ) 
=-107 psi. 

Membrane due to Ml (4c5) = Kn(C5)(Ml/((Rnf2)(6)(T))) 
= 1 ( 8.278334 ) (-21910 / ( ( 35.8125 * 2 ) ( 

8.957173E-02 ) ( .375 ) ) ) 
=-4211 p6i. 

Bending due to Ml (4c6) = Kb(C6)(6(Ml)/((T'2)(Rm)(6))> 
= 1 ( 1.562734E-02 ) ( 6 (-21910 ) / ( ( .375 * 2 ) ( 

35.8125 ) ( .1884376 ) ) ) 
=-2166 psi. 

Press, stress (4c7) = Dp(Rm)(Iv)/(T) 
= 2 { 35.8125 ) ( 1 ) / ( .375 ) 

« 191 p»».~ 
Stresses Au Al Bu Bl Cu CI Du Dl 

-12 -12 -12 -12 -11 -11 -11 -11 

-62 62 -62 62 -85 85 -85 85 

0 0 0 0 1 1 -1 -1 

0 0 0 0 107 -107 -107 107 

4211 4211 -4211 -4211 0 0 0 0 

2166 -2166 -2166 2166 0 0 0 0 

-4c 1 
-4c 2 

-4c 3 
ic 4 

5 
4c 6 

-4c 6303 2095 - 6451 -1995 12 -32 - 204 180 
-4p 191 191 191 191 191 191 191 191 



._ P.J2_ £ _£/r / 

-4ct 6494 2286 -6260 -1804 203 159 -13 371 



Item no. : F#4-EAST S/o no. : .375 M-IOl, P-I30 or If 2 

trie parameters 

Ganma = 95.5 

4x1 : 3.490401E-03 
4x2 : .4537522 
4x : 7.692308E-03 

41 : 5.032752E-02 42 : 5.296022E-02 43 : 1.768167E-02 
44 : 2.935018E-02 45 : 8.957173E-02 46 : .1078755 

Longitudinal stresses : 

Membrane due to P (411) = Kn(Llx)(P/(Rm(T))) 
= 1 < Llx > C 10 / C 35.8125 ( .375 ) ) ) 
= 13 psi. ( 13 psi. ) 

Bending due to P (412) = Kb(L2x)(6(P)/(T-2)) 
« 1 < L2x > { 6 ( 10 > / ( .375 * 2 ) > 
= 62 psi. ( 46 psi. ) 

Membrane due to Mc (413) = Kn(L3)(Mc/((Rm"2)(4)(T))) 
= 1 ( .3122448 ) (-20 / ( ( 35.8125 * 2 ) ( 

1.768167E-02 ) ( .375 ) ) ) 
=-2 psi. 

^^nding due to Mc (414) = Kb(L4)(6(Mc) / ( ( r2 )(Rm)(4))) 
= 1 ( .06 ) ( 6 (-20 ) / ( ( .375 * 2 ) ( 35.8125 ) ( 

2.935018E-02 ) ) ) 
=-50 psi. 

Membrane due to Ml (415) = Kn(L5)(Ml/((Rnf2)(4>(T))) 
= 1 ( .8214218 ) (-21910 / ( ( 35.8125 * 2 ) ( 

8.957173E-02 ) ( .375 ) ) ) 
=-419 psi. 

Bending due to Ml (416) = Kb(L6)(6(Ml)/((T'2)(Rm)(4))) 
= 1 ( 4.350224E-02 ) ( 6 (-21910 ) / ( ( .375 * 2 ) ( 

35.8125 ) ( .1078755 ) ) ) 
=-10528 psi. 

Press, stress (417) = Dp(Rm)(Iv)/(2(T)) 
= 2 ( 35.8125 ) ( 1 ) / ( 2 ( .375 ) ) 
rn 96 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-41 1 -13 -13 -13 -13 -13 -13 -13 -13 
-41 2 -62 62 -62 62 -46 46 -46 46 
-41 3 0 0 0 0 2 2 -2 -2 
-41 4 0 0 0 0 50 -50 -50 50 

•

I 5 419 419 -419 -419 0 0 0 0 
I 6 10528 -10528 -10528 10528 0000 

-41 10872 -10060 -11022 10158 -7 -15 -111 81 
-4p 96 96 96 96 96 96 96 96 



M-IOI, P131 OR 142 

-Jit 10968 -9964 -10926 10254 89 81 -15 177 



Item no. : F#4-EAST S/o no. : .375 
M-m P132 °'r/?2 

Bear stresses 

Shear due to VI (4s1) = Vl/(4(Cl)(T)) 
= 1020 / ( 4 ( 16.25 ) ( 
= 42 psi. 

.375 ) ) 

Shear due to Vc (4s2) = Vc/(4(Cc)(T)) 
=-20 / ( 4 ( .125 ) ( .375 ) ) 
=-108 psi. 

Shear due to Nt (4s3) = 0 psi. 

Stresses Au AI Bu Bl Cu CI Du Dl 

-4s 1 0 0 0 0 -42 -42 42 42 
-4s 2 -108 -108 108 108 0 0 0 0 
-4s 3 0 0 0 0 0 0 0 0 

-4st -108 -108 108 108 -42 -42 42 42 

Combined stress intensity : 

- When 4st 

m (comb.) = The larger of 

4ct 
2) 411 
3) 4lt - 4ct 

- When 4st <> 0 

4 (comb.) = The larger of : 
1) 0.5[4lt+4ct+Sqr.((4lt-4ct)*2+4(4st*2))] 
2) 0.5(4lt+4ct-Sqr.((4lt-4ct)*2+4(4st*2))] 
3) Sqr.((4lt-4ct)*2+4(4st*2))) 

Stresses Au Al Bu Bl Cu CI Du Dl 

-4s (comb.) 10971 12252 -10929 12060 217 177 84 380 



****************************************************************************** 

PRESSURE VESSEL DESIGN PRO CORP. 
HOUSTON TX 

f* *************************************************************************** 

--- COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP. 

P.O. NO. : 9353001 

ITEM NO. : F#4-EAST S/O NO. : .175 

DESIGNER NAME : M.SCHULTZ DATE : 12-19-1994 

— Stresses in Cylindrical Shell — 

Attachment Mk. : JT14LD6 

H.A.U.P. : 2 psi. 
Des. temp. : 100 deg. F 

Vessel 

Cyl. ID. : 71.65 in. Cyl. mean rad. : 35.9125 in. (corr.) 

•
U thk. s .175 in. < .175 in. (corr.)) 
terial : SA 516-70 

Allow, stress : 17500 psi. 

Attachment 

Shape : Rectangular 
CI : 16.25 in. 
Cc : .125 in. 

Loads & Moments 

Radial load P : 10 lb. 
Shear load Vc :-20 lb. 
Shear load VI : 1020 lb. 
Moment Mc :-20 in.-lb. 
Moment Ml :-21910 in.-lb. 
Moment Mt : 8600 in.-lb. 

Stress coefficient factors 

Kn : 
C1a 
C3 : 

L1a 

1 
: 26.82052 

.141452 

: 30.63355 
1.212499 

UNO 
K2(Nf) 
Kc(6) : 
Cc(Ni) 

Kb : 
C1b 
C4 : 
Lib 
L4 : 

1 
: 31.69997 
. 1  

; 33.76146 
5.994786E-02 

: .91 
: 1.48 
.9421803 

: .09 

K1(Nx) 
K2(Nx) 
Kc(MO 
Cc(Nx) 

Iv 
C2a 
C5 

L2a 
L5 

: 1 
: .1688022 
17.20537 

: .1101177 
.5868015 

1.68 
1 .2  
1.156768 
.44 

KKHO 
K2(Mf) 
Kc(Mx) 

C2b 
C6 : 
L2b 
L6 : 

: .1121872 
9.019107E-03 

! 7.694434E-02 
2.480922E-02 

1.76 
.88 
1.410371 

K1(Mx) : 1.2 
K2(Mx) : 1.25 



M-IOI,  £ / 3 4  
Kl<6) : 
Cl(Nf) 

1.489136 
:  .8  

KUMf) 
Ct(Nx) 

2.073119 
.07 

Kl(Mx) : 1.197231 



P.L2£ORL9Z 
Item no. : F#4-EAST S/o no. : .175 

*************************************************************************** 

trie parameters 

Gamma = Rm/T = 35.9125 / .175 
= 205.2143 

61x = Cc/Rm = .125 / 35.9125 = 3.480682E-03 
62x = Cl/Rm = 16.25 / 35.9125 = .4524887 
6x = 61x/62x = 3.480682E-03 / .4524887 = 7.692308E-03 

61 : 6.488946E-02 62 : 3.338498E-02 63 : 1.763242E-02 
64 : 2.039662E-02 65 : 8.932231E-02 66 : .1851758 

Circunferential stresses : 

Membrane due to P (6c1) = Kn(C1x)(P/(Rm(T))) 
= 1 ( C1x ) ( 10 / ( 35.9125 ( .175 ) ) ) 
= 43 psi. ( 50 psi. ) 

Bending due to P <6c2) = Kb(C2x)(6(P>/CT2)) 
= 1 ( C2x ) ( 6 ( 10 ) / ( .175 * 2 ) ) 
= 331 psi. ( 220 psi. ) 

Menbrane due to Mc (6c3) = Kn(C3>(Mc/((Rsr2)(6>(T))) 
= 1 ( .141452 ) (-20 / ( ( 35.9125 " 2 ) ( 

1.763242E-02 ) ( .175 ) ) ) 
=-2 psi. 

Bending due to Mc (6c4) = Kb(C4)(6(Mc)/((T-2)(Rm>(6))) 
= 1 ( .1 ) ( 6 (-20 ) / ( ( .175 " 2 ) ( 35.9125 ) ( 

2.039662E-02 ) ) ) 
=-536 psi. 

Membrane due to Ml (6c5) = Kn(C5)(Ml/((Rm_2)(6)(T)>) 
= 1 ( 17.20537 ) (-21910 / ( ( 35.9125 * 2 ) ( 

8.932231E-02 ) ( .175 ) ) ) 
=-18700 psi. 

Bending due to Ml (6c6) = Kb(C6)(6(Ml)/((r2)(Rm)(6)>) 
= 1 ( 9.019107E-03 ) ( 6 (-21910 ) / ( ( .175 ' 2 ) ( 

35.9125 ) ( .1851758 ) ) ) 
=-5823 psi. 

Press, stress (6c7) = Dp(Rm)(Iv)/(T) 
= 2 ( 35.9125 ) ( 1 ) / ( .175 ) 

- 410 psi. 
Stresses Au Al Bu Bl Cu CI Du Dl 

-Sc 1 ' -50 '-50 -50 -50 -43 -43 -43 -43 
-6c 2 -220 220 -220 220 -331 331 -331 331 
-6c 3 0 0 0 0 2 2 -2 -2 

6c 4 0 0 0 0 536 -536 -536 536 
ac 5 18700 18700 -18700 -18700 0000 

-6c 6 5823 -5823 -5823 5823 0000 

-6c 24253 13047 -24793 -12707 164 -246 -912 822 
-6p 410 410 410 410 410 410 410 410 



M-FPJ F 136 OF- /IZ 

-ict 24663 13457 -24383 -12297 574 164 -502 1232 



Item no. : F#4-EAST S/o no. : .175 
M'lOl; P' 127 

geometric parameters 

Ganma = 205.2143 

6x1 : 3.480682E-03 
6x2 : .4524887 
6x : 7.692308E-03 

61 : 5.018737E-02 62 : 5.281274E-02 63 : 1.763242E-02 
64 : 2.486826E-02 65 : 8.932231E-02 66 : .1069394 

Longitudinal stresses : 

Membrane due to P (611) = Kn(L1x)(P/(Rm(T))) 
= 1 ( Llx ) € 10 / ( 35.9125 ( .175 ) ) ) 
= 49 psi. ( 54 p6i. ) 

Bending due to P (612) = Kb(L2x)(6(P)/(T"2)) 
= 1 ( L2x > ( 6 ( 10 ) / ( .175 " 2 ) ) 
= 216 psi. ( 151 psi. ) 

Membrane due to Mc (613) = Kn(L3)(Mc/((Rm*2)(6)(T))) 
= 1 ( 1.212499 ) (-20 / ( ( 35.9125 * 2 ) ( 

1.763242E-02 ) ( .175 ) ) ) 
=-7 psi. 

^fcending due to Mc (614) = Kb(L4)(6(Mc) / ( ( r2 )(Rm)(6))) 
= 1 ( 5.994786E-02 ) ( 6 (-20 ) / ( ( .175 * 2 ) ( 

35.9125 ) ( 2.486826E-02 ) ) ) 
=-264 psi. 

Membrane due to Ml (615) = Kn(L5)(Ml/((Rm-2)(6)(T))) 
= 1 ( .5868015 ) (-21910 / ( ( 35.9125 * 2 ) ( 

8.932231E-02 ) ( .175 ) ) ) 
=-639 psi. 

Bending due to Ml (616) = Kb(L6)(6(Ml)/((T*2)(Rm)(6))) 
= 1 ( 2.480922E-02 ) ( 6 (-21910 ) / ( ( .175 " 2 ) ( 

35.9125 ) ( .1069394 ) ) ) 
=-27731 psi. 

Press, stress (617) = Dp(Rm)(Iv)/(2(T)) 
= 2 ( 35.9125 ) ( 1 ) / ( 2 ( .175 ) ) 

• 205 pai. 
Stresses Au Al Bu Bl Cu CI Du Dl 

-61 1 -49 -49 -49 -49 -54 -54 -54 -54 
-61 2 -216 216 -216 216 -151 151 -151 151 
-61 3 0 0 0 0 7 7 -7 -7 
-61 4 0 0 0 0 264 - 264 - 264 264 

•

61 5 639 639 -639 -639 0 0 0 0 
IL 6 27731 -27731 -27731 27731 0000 

-61 ? 28105 - 26925 - 28635 27259 66 -160 - 476 354 
-6p 205 205 205 205 205 205 205 205 



M'/O/, P.IZZOR/YZ 

28310 -26720 -28430 27464 271 45 -271 559 



Item no. : F#4-EAST S/o no. : .175 
FT 139 OR/QZ 

ear stresses : 

Shear due to VI (4s1) = Vl/(4(Cl)(T)) 
= 1020 / ( 4 ( 16.25 ) ( .175 ) ) 
- 90 p6i. 

Shear due to Vc (4s2> = Vc/(4(Cc)(T)> 
=-20 / ( 4 ( .125 ) ( .175 ) ) 
=-230 psi. 

Shear due to Mt (4s3) = 0 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-4s 1 0 0 0 0 -90 -90 90 90 
-4s 2 -230 -230 230 230 0 0 0 0 
-4s 3 0 0 0 0 0 0 0 0 

-4st -230 -230 230 230 -90 -90 90 90 

Combined stress intensity : 

When 4st = 0 

k(comb.) = The larger of 
4ct 

2) 411 
3) 4lt - 4ct 

- When 4st <> 0 

4 (comb.) = The larger of : 
1) 0.5[4lt+4ct+Sqr.((4lt-4ct)*2+4(4st*2))] 
2) 0.5 [4lt+6ct-Sqr.((6lt-6ct)*2+4(4st*2))] 
3) Sqr.((4lt-4ct)"2+4(4st*2))) 

Stresses Au Al Bu Bl Cu CI Du Dl 

-4s (comb.) 28324 40180 - 28444 39764 599 216 - 534 1244 



M-/O/T P. / 4O OR 19Z 

STEARMS-ROGER DIV.1 TRANSFORMATION OF COORDINATES PROGRAM 

DATE 12-15-1994 

TIME 14:57:26 

VERTICAL VESSEL 
FuRNfice *4 - EAST POT 
JoiMT *14 - LORD *7 

(DLTSEISMTC) $ 3-TFSTR, 

NOZZLE ORIENTATION = 201.17 DEG 

PIPING LOADS : 

FXO = 200.00 LBS MX0 = -3682.50 FT-LBS 
FY0 = 400.00 LBS MY0 = -2.50 FT-LBS 
FZ0 = 350.00 LBS MZ0 = 415.83 FT-LBS 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED LOADS : 

P (Z) = 0.25 KIPS MC(Y) = -0.03 IN-KIPS 
VC(X) = 0.31 KIPS ML(X) = -39.41 IN-KIPS 
VLCY) = 0.40 KIPS MT(Z) = 20.61 IN-KIPS 



M-TOI P. (4-1 °R!VZ 

PRESSURE VESSEL DESIGN PRO CORP. 
HOUSTON TX 

--- COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FHC CORP 

P.O. NO. : 9353001 

ITEM NO. : F#4-EAST S/O NO. 

DESIGNER NAME : M.SCHULTZ 

.375 

DATE : 12-21-1994 

********* 

— Stresses in Cylindrical Shell — 

Attachment Mk. : JT14LD7 

M.A.W.P. : 2 psi. 
Des. temp. : 100 deg. F 

Vessel 

^Cy 

M 
^^Ma' 

Cyl. ID. : 71.25 in. Cyl. mean rad. : 35.8125 in. (corr.) 
I. thk. : .375 in. ( .375 in. (corr.)) 

aterial : SA 516 70 
Allou. stress : 17500 psi. 

Attachment 

Shape : Rectangular 
CI : 16.25 in. 
Cc : .125 in. 

Loads & Moments 

Radial load P : 250 lb. 
Shear load Vc : 310 lb. 
Shear load VI : 400 lb. 
Moment Mc :-30 in.-lb. 
Moment Ml :-39410 in.-lb. 
Moment Mt : 20610 in.-lb. 

Stress coefficient factors 

Kn : 1 
C1a 
f 

C3 : 
L1a 

: 14.97504 
7.386857E-02 

: 17.05382 
.3122448 

K1(Ni) 
K2(Nf) 
Kc(6) : 
Cc(Nf) 

: .91 
: 1.48 
1.007994 

i .15 

Kb : 1 
C1b 
C4 : 
Lib 

L4 : 

K1(Nx) 
K2(Nx) 
Kc(M() 
Cc(Nx) 

Iv : 1 
16.25617 

.1009 
17.16138 

.06 

1.68 
1 .2  
1.286997 
.44 

C2a 
C5 : 
L2a 

L5 : 

: .1985132 
8.278334 

: .1464124 
.8214218 

C2b 
C6 : 
L2b 

L6 : 

: .1460175 
1.562734E-02 
: .106738 

4.350224E-02 

K1(Mf) 
K2(Mf) 
Kc(Mx) 

1.76 
.88 
1.659922 

K1(Mx) : 1.2 
K2(Mx) : 1.25 



M-IOI, P. 142. OR 112 

Kl(6> : 1.3456 Kl(Mf) : 2.103761 Kl(Mx) : 1.204348 
Cl(Nf) : .77 CWNx) : .24 



Item no. : F#4-EAST S/o no. : .375 M'LOL\ FT /4% OR ITZ 

geometric parameters 

Gamma = Rm/T = 35.8125 / .375 
= 95.5 

61x = Cc/Rm = .125 / 35.8125 = 3.490401E-03 
62x = Cl/Rm = 16.25 / 35.8125 = .4537522 
6x = A1x/62x = 3.490401E-03 / .4537522 = 7.692308E-03 

61 : 6.507067E-02 62 : 3.347821E-02 63 : 1.768167E-02 
64 : 2.275625E-02 65 : 8.957173E-02 66 : .1884376 

Circimferential stresses : 

Membrane due to P (6c1) = Kn(C1x)(P/(Rm(T))) 
= 1 < Clx ) ( 250 / ( 35.8125 ( .375 ) ) ) 
= 279 psi. ( 303 psi. ) 

Bending due to P (6c2) = Kb(C2x)(6(P)/(T*2)) 
= 1 ( C2x ) ( 6 ( 250 ) / ( .375 * 2 ) ) 
= 2117 psi. ( 1558 psi. ) 

Membrane due to Mc (6c3) = Kn(C3HMc/((Rm*2>(6)(T))) 
= 1 ( 7.386857E-02 ) (-30 / ( ( 35.8125 * 2 ) ( 

1.768167E-02 ) ( .375 } ) ) 
=-1 psi. 

Bending due to Mc (6c4) = Kb(C4)(6(Mc)/((T"2)(Rm)(6))) 
= 1 ( .1009 ) ( 6 (-30 ) / ( ( .375 * 2 ) ( 35.8125 ) ( 

2.275625E-02 ) ) ) 
=-159 psi. 

Membrane due to Ml (6c5) = Kn(C5)(Ml/((Rm*2)(6)(T))) 
= 1 ( 8.278334 ) (-39410 / ( ( 35.8125 * 2 ) ( 

8.957173E-02 ) ( .375 ) ) ) 
=-7574 psi. 

Bending due to Ml (6c6) = Kb(C6)(6(Ml)/((T~2)(Rm)(6))) 
= 1 ( 1.562734E-02 ) ( 6 (-39410 ) / ( ( .375 * 2 ) ( 

35.8125 ) ( .1884376 ) ) ) 
=-3895 psi. 

Press, stress (6c7) = Dp(Rm)(Iv)/(T) 
= 2 ( 35.8125 ) ( 1 ) / ( .375 ) 
• 191 psi. 

Stresses Au Al Bu Bl Cu Cl 

-ic 1 -303 , -303 -303 -303 -279 - 279 
-6c 2 -1558 1558 -1558 1558 -2117 2117 

m 
6c 3 0 0 0 0 1 1 
,6c 4 0 0 0 0 159 -159 

c 5 ' 7574 - 7574 - 7574 -7574 0 0 
6c 6 3895 -3895 -3895 3895 0 0 

Du Dl 

-279 -279 
-2117 2117 
-1 -1 
-159 159 
0 0 
0 0 

-6c 9608 4934 -13330 - 2424 - 2236 1680 - 2556 1996 
-6p 191 191 191 191 191 191 191 191 



M'JOJ, "FR/̂ 2 

.4ct 9799 5125 -13139 - 2233 - 2045 1871 -2365 2187 



P. 145 OR/IZ 

Item no. : F#4-EAST S/o no. : .375 

^^^eometric parameters 

Gamna = 95.5 

6x1 : 3.490401E-03 
6x2 : .4537522 
6x : 7.692308E-03 

61 : 5.032752E-02 62 : 5.296022E-02 63 : 1.768167E-02 
64 : 2.935018E-02 65 : 8.957173E-02 66 : .1078755 

Longitudinal stresses : 

Membrane due to P (611) = Kn(L1x)(P/(Rm(T))) 
= 1 ( L1x ) ( 250 / ( 35.8125 ( .375 ) ) ) 
= 317 psi. ( 319 psi. ) 

Bending due to P (612) = Kb(L2x)(6(P)/(T*2)) 
= 1 ( L2x ) ( 6 ( 250 ) / ( .375 " 2 ) ) 
= 1562 psi. ( 1139 psi. ) 

Membrane due to Mc (613) = Kn(L3)(Mc/((Rm'2)(6)(T))) 
= 1 ( .3122448 ) (-30 / ( ( 35.8125 " 2 ) ( 

1.768167E-02 ) ( .375 ) ) ) 
=-2 psi. 

^^ending due to Mc (614) = Kb(L4)(6(Mc) / ( ( r2 )(Rm)(6))) 
= 1 ( .06 ) ( 6 (-30 ) / ( ( .375 * 2 ) ( 35.8125 ) ( 

2.935018E-02 ) ) ) 
=-74 psi. 

Membrane due to Ml (615) = Kn(L5)(Ml/((Rm~2)(6)(T))) 
= 1 ( .8214218 ) (-39410 / ( ( 35.8125 * 2 ) ( 

8.957173E-02 ) ( .375 ) ) ) 
=-752 psi. 

Bending due to Ml (616) = Kb(L6)(6(Ml)/((T~2)(Rm)(6))) 
= 1 ( 4.350224E-02 ) ( 6 (-39410 ) / ( ( .375 * 2 ) ( 

35.8125 ) ( .1078755 ) ) ) 
=-18935 psi. 

Press, stress (617) = Dp(Rm)(Iv)/(2(T)) 
= 2 ( 35.8125 ) ( 1 ) / ( 2 ( .375 ) ) 

"• 96 psi. 
Stresses Au Al Bu Bl Cu CI Du Dl 

-61 1 -317 -317 -317 -317 -319 -319 -319 -319 
-61 2 -1562 1562 -1562 1562 -1139 1139 -1139 1139 
-61 3 0 0 0 0 2 2 -2 -2 
-61 4 0 0 0 0 74 - 74 - 74 74 

^^l 5 752 752 - 752 - 752 0 0 0 0 
6 18935 -18935 -18935 18935 0 0 0 0 

-61 17808 -16938 -21566 19428 -1382 748 -1534 892 
-6p 96 96 96 96 96 96 96 96 



M-IOI P. J 46 OF I9Z 

17904 -16842 -21470 19524 -1286 844 -1438 988 



Item no. : F#4-EAST S/o no. : .375 
M-IOI, P./47OR/(F2 

•a#*#******####*#*************************************************************** 

ear stresses : 

Shear due to VI (Asl) = Vl/(4(Cl)(T)) 

= 
400 / ( 4 ( 16.25 ) ( 

16 psi. 

.375 ) ) 

Shear due to Vc (As2) = 
S 

Vc/(4(Cc)(T)) 
310 / ( 4 ( .125 ) ( 

1653 psi. 

.375 ) ) 

Shear due to Mt (As3) = 0 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-As 1 
-As 2 
-As 3 

0 
1653 
0 

0 
1653 
0 

0 
-1653 
0 

0 
-1653 
0 

-16 
0 
0 

-16 
0 
0 

16 
0 
0 

16 
0 
0 

-Ast 1653 1653 -1653 -1653 -16 -16 16 16 

Combined stress intensity : 

- When Ast = 0 

•
I (comb.) = The larger of : 
) Act 

2) Alt 
3) Alt - Act 

- When Ast <> 0 

A (comb.) = The larger of : 
1) 0.5tAlt+Act+Sqr.((Alt-Act)"2+4(Ast*2))J 
2) 0.5[Alt+Act-Sqr.((Alt-Act)"2+4(Ast"2))] 
3) Sqr.((Alt-Act)"2+4(Ast~2))) 

Stresses Au Al Bu Bl Cu CI Du Dl 

-As (comb.) 18228 22214 -21787 22007 -2046 1871 -2366 2187 



******************************************************************************** 

PRESSURE VESSEL DESIGN PRO CORP. 
HOUSTON TX 

»"****************************************«*****«** *«**••••«**•*•*•****•****«***** 

— COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP 

P.O. NO. : 9353001 

ITEM NO. : F#4-EAST S/O NO. : .245 

DESIGNER NAME : M.SCHULTZ DATE : 01-25-1995 

— Stresses in Cylindrical Shell — 

Attachment Mk. : JT14LD7 

M.A.U.P. : 2 psi. 
Des. temp. : 100 deg. F 

Vessel 

Cyl. ID. : 72.51 in. Cyl. mean red. : 36.3775 in. (com.) 

•
|fl. thk. : .245 in. ( .245 in. (com.)) 
aterial : SA 516 70 

Allow, stress : 17500 psi. 

Attachment 

Shape : Rectangular 
CI : 16.25 in. 
Cc : .125 in. 

Loads & Moments 

Radial load P : 250 lb. 
Shear load Vc : 310 lb. 
Shear load VI : 400 lb. 
Moment He :-30 in.-lb. 
Moment Ml :-39410 in.-lb. 
Moment Ht : 20610 in.-lb. 

Stress coefficient factors 

Kn : 1 
C1a : 21.02693 
C3 : 8.466295E-02 
L1a : 24.78852 

K1(Nf) : .91 
K2(Nf) : 1.48 
Kc(6) : .9728607 
Cc(Ni) : .09 

Kb : 1 
Clb : 23.78591 
C4 : .1 
Lib : 25.80077 
L4 : .06 

K1(Nx) : 1.68 
K2(Nx) : 1.2 
Kc(Mf) s 1.221228 
Cc(Nx) : .44 

Iv : 1 
C2a : .1816435 
C5 : 13.42208 
L2a : .127991 
L5 : .4113222 

K1(Mf) : 1.76 
K2(Mf) : .88 
Kc(Mx) : 1.531042 

C2b : .1329535 
C6 : 1.188602E-02 
L2b : 8.952862E-02 
L6 : 3.378801E-02 

K1(Mx) : 1.2 
K2(Mx) : 1.25 



M-IOI, P. /49 OF /92 

ICt(6> : 1.416515 Kl(Mf) : 2.084379 Kl(Hx) : 1.197231 
Cl(Nf) : .8 Cl(Nx) : .07 



M-IOI, P ISO OF I9Z 
Item no. : F#4-EAST S/o no. : .245 

*********#************************************************************ 

trie parameters 

Gamma = Rm/T = 36.3775 / .245 
= 148.4796 

61x = Cc/Rm = .125 / 36.3775 = 3.43619E-03 
62x = Cl/Rm = 16.25 / 36.3775 = .4467047 
6x = 61x/62x = 3.43619E-03 / .4467047 = 7.692308E-03 

61 : .06406 62 : 3.295823E-02 63 : 1.740703E-02 
64 : 2.125795E-02 65 : 8.818053E-02 66 : .1838016 

Circunferential stresses : 

Membrane due to P (4c1) = Kn(C1x)(P/(Rm(T))) 
= 1 ( C1x ) ( 250 / ( 36.3775 ( .245 ) ) ) 
= 590 psi. ( 667 psi. > 

Bending due to P (4c2> = Kb(C2x)(6(P) / ( r2>)  
= 1 ( C2x ) ( 6 ( 250 ) / ( .245 * 2 ) ) 
= 4539 psi. ( 3322 psi. ) 

Membrane due to Mc (6c3) = Kn(C3)(Mc/((Rm'2)(6)(T))) 
= 1 ( 8.466295E-02 ) (-30 / ( ( 36.3775 * 2 ) ( 

1.740703E-02 ) ( .245 ) ) ) 
=-1 psi. 

Bending due to Mc (4c4) = Kb(C4)(6(Mc)/((T*2)(Rm)(6))) 
= 1 ( .1 ) ( 6 (-30 ) / ( ( .245 • 2 ) ( 36.3775 ) ( 

2.125795E-02 ) ) ) 
=-389 psi. 

Membrane due to Ml (6c5) = Kn(C5)(Ml/((Rm'2)(6)(T))) 
= 1 ( 13.42208 ) (-39410 / ( ( 36.3775 * 2 > ( 

8.818053E-02 ) ( .245 ) ) ) 
=-18503 psi. 

Bending due to Ml (6c6) = Kb(C6)(6(Ml)/((T~2)(Rm)(6))) 
= 1 ( 1.188602E-02 ) ( 6 (-39410 ) / ( ( .245 * 2 ) ( 

36.3775 ) ( .1838016 ) ) ) 
=-7004 psi. 

Press, stress (4c7) = Dp(Rm)(Iv)/(T) 
= 2 ( 36.3775 ) ( 1 ) / ( .245 ) 

C> 297 pai. 
Stresses Au Al Bu Bl Cu CI 

-4c 1 C-667 -667 ;-<67 -667 -590 -590 
-4c 2 -3322 3322 -3322 3322 -4539 4539 

m 
-4c 3 0 0 0 0 1 1 

c 4 0 0 0 0 389 -389 
5 v 18503 18503 18503 -18503 0 0 

'6c 6 7004 -7004 -7004 7004 0 0 

Du 01 

-590 -590 
-4539 4539 
-1 -1 
-389 389 
0 0 
0 0 

-4c 21518 14154 -29496 -8844 -4739 3561 -5519 4337 
-4p 297 297 297 297 297 297 297 297 



H - IOf,  P  I S /  O F  I 9 Z  

-4ct 21815 14451 -29199 -8547 -4442 3858 -5222 4634 



Item no. : F#4-EAST S/o no. : .245 

M-lOlj P isz or /<}Z 

etric parameters 

Gamna = 148.4796 

4x1 : 3.43619E-03 
4x2 : .4467047 
4x : 7.692308E-03 

41 : 4.954584E-02 42 : 5.213766E-02 43 : 1.740703E-02 
44 : 2.665089E-02 45 : 8.818053E-02 46 : .1055724 

Longitudinal stresses : 

Membrane due to P (411) = Kn(L1x)(P/(Rm(T))) 
= 1 ( Llx ) ( 250 / ( 36.3775 ( .245 ) ) ) 
= 695 psi. ( 724 psi. ) 

Bending due to P (612) = Kb(L2x)(6(P)/(T"2)) 
= 1 ( L2x ) ( 6 ( 250 ) / ( .245 " 2 ) ) 
= 3198 psi. ( 2237 psi. ) 

Membrane due to Mc (613) = Kn(L3)(Mc/((Rm~2)(6)(T))) 
= 1 ( .665332 ) (-30 / ( ( 36.3775 " 2 ) ( 

1.740703E-02 ) ( .245 ) ) ) 
=-5 psi. 

ing due to Mc (414) = Kb(L4)(6(Mc)/((T*2)(RnO(4))) 
= 1 ( .06 ) ( 6 (-30 ) / ( ( .245 * 2 ) ( 36.3775 ) ( 

2.665089E-02 ) ) ) 
=-187 psi. 

Membrane due to Ml (415) = Kn(L5)(Ml/((RnT2)(4)(T))) 
= 1 ( .4113222 ) (-39410 / ( ( 36.3775 * 2 ) ( 

8.818053E-02 ) ( .245 ) ) ) 
=-568 psi. 

Bending due to Ml (616) = Kb(l6)(6(Ml)/((T~2)(Rm)(6))) 
= 1 ( 3.378801E-02 ) ( 6 (-39410 ) / ( ( .245 * 2 ) ( 

36.3775 ) ( .1055724 ) ) ) 
=-34659 psi. 

Press, stress (417) = Dp(Rm)(Iv)/(2(T)) 
= 2 ( 36.3775 ) ( 1 ) / ( 2 ( .245 ) ) 
= 148 psi. 

Stresses Au Al Bu Bl Cu CI Ou Dl 

-41 1 -695 -695 -695 -695 -724 -724 -724 -724 
-41 2 -3198 3198 -3198 3198 - 2237 2237 - 2237 2237 
-41 3 0 0 0 0 5 5 -5 -5 
-41 4 0 0 0 0 187 -187 -187 187 

#5 568 568 -568 -568 0 0 0 0 
6 34659 -34659 -34659 34659 0000 

-41 31334 -31588 '-39120 36594 -2769 1331 -3153 1695 
-6p 148 148 148 148 148 148 148 148 



M-IOI, P 153 WZ 
31482 -31440 -38972 36742 -2621 1479 -3005 1843 



N-IOI; H IS4- OR TFZ 

Item no. : F#4-EAST S/o no. : .245 

ar stresses : 

Shear due to VI (6s1) = Vl/(4(Cl)(T>> 
= 400 / ( 4 ( 16.25 ) ( .245 ) ) 
= 25 psi. 

Shear due to Vc (6s2) = Vc/(4(Cc)(T)) 
= 310 / ( 4 ( .125 ) ( .245 ) ) 
= 2531 psi. 

Shear due to Ht (6s3) = 0 psi. 

Stresses Au Al Bu Bl Cu CI Du 01 

-6s 1 0 0 0 0 -25 -25 25 25 
-6s 2 2531 2531 -2531 -2531 0000 
-6s 3 0 0 0 0 0 0 0 0 

-6st 2531 2531 -2531 -2531 -25 -25 25 25 

Combined stress intensity : 

- Uhen 6st = 0 

m 
comb.) = The larger of 
6ct 

2) 6lt 
3) 6lt - 6ct 

- When 6st <> 0 

6 (comb.) = The larger of : 
1) 0.5[6lt+6ct+Sqr.((6lt-6ct)*2+4(6st'2))] 
2) 0.5C6lt+6ct-Sqr.((6lt-6ct)*2+4(6st*2))) 
3) Sqr.((6lt-6ct)*2+4(6st"2))) 

Stresses Au Al Bu Bl Cu CI Du Dl 

-6s (comb.) 32105 46169 -39590 45571 -4443 3858 -5223 4634 



FORM 5007 REV. 4/91 P/STORWZ 

Raytheon 
Engineers & Constructors 

GENERAL 
COMPUTATION 

SHEET 

PROJECT 

SUBJECT 

FMC 

CALCULATION SET NO 

M-fOf 
PRELIM FINAL VOID 

SHEET OF 

j o  9373.00/ 

REV COMP BY 

DATE 

!2/ZO/ZY 

r 

DATE 

CHK D BY 

1"? 

DATE 

SLURRY POR PUMP SJRAC/CSTS 

IFUFTN/IKP *4- WEST POT ) 

JOINT ' LOAD *~<S COL +LL) 

J8 " THK. SHELL IS OK 

J90 " THK. SHELL IS fOlNimvrrt HLLOCHXGLE ; 

MHK /JEMERRNE STRESS (CIOCCSRTJ 

372 M + /2J2FRS/ = /9,366 RS/ 6S L.LTFTSOQ)* F<?,Z50A 

MHX. SURRXOE STTTGZ- (LONRIT.) 

IGLPSI + 5-2,3<Z(RS,= SZJT^PSI ^ 3.0(L7SOQ)* 52,500^ 

JCHNT ^S-LO/JO *8 (PL+SEUMC) 

S/Q " rHK SH&LL IS OK. 

, 220 " THK, SHELL IS RN INI MI/NO HLLOIKXGLC * 

/HIXX, /JS/HOK/)NO STTHOSS (O/KCWK.) 

32dps 1-543PSI HC.fi 88 fa */. 1(1 = l%2sa' 

-548PST ~ L6,08ZW — T / 6,6SO 

Nay S<vKF/>ce Srmss (LONP/T.) 
PS/ • -5ZZZ!PSI <3.<X<7LSX>)'£'Z?00 

CP/R/P/)C LOPD HOND/ T/OPJ -M/M GLO 

SPPUPS 7~o PIWMPP *4- 7/dsr pt>T 

// 



FORM 5007 REV. 4/91 P. ICO OR NZ 

United Engineers 
It Constructors 
A Raytheon Company 

GENERAL 
COMPUTATION 

SHEET 

PROJECT 

SUBJECT SLURRY FO R PUMP VPACKETS 

FURNACE #4 - WEST POT 

CALCULATION SET NO 

M'LOI 
PRELIM FINAL u VOID 

SHEET OF 

10 1153.001 

REV COMP BY CHK'D BY 

DATE 

!2/LQKZ-

•7MF 
DATE 

I/ZCFRR' 

DATE DATE 

3C" 
SIN (p = 

<p'-3CO°- 12.53° =347. 4 7 °  



SLURRY POT PUMP BRACKET (FMCP-F4W) 
* FURNACE NO 4 - WEST POT 

12/CM 
PAOE NO . g.-1 3 

M-IOT, P. 161 OR 192 

SUPPORT REACTIONS -UNIT KIPS INCH STRUCTURE TYPE = SPACE 

JOINT LOAD FORCE-X FORCE-Y FORCE-Z MOM-X MOM-Y MOM Z 

1 0. 00 0.48 0 . 00 10.75 0 . 00 0 . 00 

2 0 . 00 0.10 0.00 2.27 0 .00 0 . 00 

3 0 . 00 -0. 10 0.00 -2 . 15 0 . 00 0 . 00 

4 0 . 19 0.42 -0.26 9 . 64 1.42 0 . 01 

5 0 . 00 0 . 00 -0. 16 -3 . 66 0 . 00 0 . 00 

6 0 . 00 0. 58 0.00 13 . 02 0 . 00 0 . 00 

7 (DL-diasmx$-0 . 14 0.75 -0.20 16.91 1. 07 0. 00 

8 0 . 14 0 . 12 0.20 2.44 -1. 07 -0 . 01 

9 0 . 00 0.44 0.12 12.42 0. 00 0 . 00 

1 0 . 00 0.78 0 . 00 15.96 0 . 00 0 . 00 

2 0 . 00 0. 10 0 . 00 2.08 0. 00 0 . 00 

3 0 . 00 -0 . 16 0 . 00 -3 . 19 0 . 00 0 . 00 

4 •0.24 -0.42 0.26 -8.79 1. 62 0 . 01 
5 0 . 00 0. 00 -0.26 -6.19 0 . 00 0 . 00 
6 fDLtLL) 0 . 00 0.88 0 . 00 18.03 0 . 00 0. 00 

7 •0. 18 0.38 0.20 7 .77 1.21 0.01 
8 /f>/_* (cjl) 0.18 1. 02 -0.20 20.96 -1.21 -0. 01 w (iyLmijctJy 
9 0 . 00 0.70 0.20 19 .01 

o
 

o
 

o
 

o
 

o
 

o
 

************** END OF LATEST ANALYSIS RESULT ************** 

70. LOAD LIST 1 TO 5 
71. PRINT JOINT DISPLACEMENTS LIST 3 4 



M-IOI, P.ILZORIQZ 

STEARNS-ROGER DIV.1 TRANSFORMATION OF COORDINATES PROGRAM 

VERTICAL VESSEL 

NOZZLE ORIENTATION = 347.47 DEG 

PIPING LOADS 

DATE 12-15-1994 
TIME 14:46:18 

FURNACE - WEST P°T 
•Jothj T ^ ~ LOAD 
(DL I'LL) 

FXO = 
FYO = 
FZO = 

0.00 LBS 
880.00 LBS 

0.00 LBS 

MX0 
MY0 
MZO 

1502.50 FT-LBS 
0.00 FT-LBS 
0.00 FT-LBS 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED I 

p (Z) = 0.00 KIPS 
VC(X) = 0.00 KIPS 
VLCY> = 0.88 KIPS 

MC(Y) = 0.00 IN-KIPS 
ML(X) = -17.60 IN-KIPS 
MT(Z) = -3.91 IN-KIPS 



PRESSURE VESSEL DESIGN PRO CORP. 
HOUSTON TX 

--- COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP 

P.O. NO. : 9353.001 

ITEM NO. : Fft-UEST S/0 NO. 

DESIGNER NAME : M.SCHULTZ 

.375 

DATE : 12-20-1994 

— Stresses in Cylindrical Shell — 

Attachment Mk. : JT6LD6 

M.A.U.P. : 2 psi. 
Des. temp. : 100 deg. F 

Vessel 

Cy 

Ra' 

Cyl. ID. : 71.25 in. Cyl. mean rad. : 35.8125 in. (corr.) 
I. thk. : .375 in. ( .375 in. (corr.)) 

aterial : SA 516 70 
Allow, stress : 17500 psi. 

Attachment 

Shape : Rectangular 
CI : 7.75 in. 
Cc : .1875 in. 

Loads & Moments 

Radial load P : 0 lb. 
Shear load Vc : 0 lb. 
Shear load VI : 880 lb. 
Moment Mc : 0 in.-lb. 
Moment Ml :-17600 in.-lb. 
Moment Mt :-3910 in.-lb. 

Stress coefficient factors 

Kn : 
C1a 
C3 : 
L1a 

1 
: 16.4399 
7.754372E-02 

: 17.85809 
.3252309 

Kb : 1 
C1b : 16.78083 
C4 : .1009 
Lib : 17.25823 
L4 : .06 

Iv : 1 
C2a : .218978 
C5 : 7.252811 
L2a : .1679735 
L5 : .6576346 

C2b : .1604909 
C6 : 2.568189E-02 
L2b : .1235527 
L6 : 6.549262E-02 

K1(Nf) : .91 K1(Nx) : 1.68 K1(Mf) : 1.76 
K2(Nf) : 1.48 K2(Nx) : 1.2 K2(Mf) : .88 
Kc(6) : 1.005836 Kc(Mi) : 1.278839 Kc(Mx) : 1.646668 
Cc(Nf) : .15 Cc(Nx) : .44 

K1(Mx) 
K2(Mx) 

1.2 

1.25 



Kl(4) : 1.334016 Kl(Nf) : 2.069142 ICl(Mx) : 1.198229 
CKNf) : .77 Cl(Nx) : .24 

M-W, ft /6S- OF U? 



Item no. : F#4-UEST S/o no. : .375 M-IOI; P.IZZORTFZ 

trie parameters 

Gamma = Rm/T = 35.8125 / .375 
= 95.5 

41x = Cc/Rm = .1875 / 35.8125 = 5.235602E-03 
62x = Cl/Rm = 7.75 / 35.8125 = .2164049 
Ax = 61x/62x = 5.235602E-03 / .2164049 = 2.419355E-02 

61 : 5.468157E-02 62 : 2.840488E-02 63 : 1.810228E-02 
64 : .0231499 65 : 6.258932E-02 66 : .1295062 

Circunferential stresses : 

Membrane due to P (4c1) = Kn(C1x)(P/(Rm(T))) 
= 1 ( C1x ) ( 0 / ( 35.8125 ( .375 ) ) ) 
= 0 psi. ( 0 psi. ) 

Bending due to P (6c2> = Kb(C2x)(6(P)/(T*2)) 
= 1 ( C2x ) ( 6 ( 0 > / ( .375 * 2 ) ) 
= 0 psi. ( 0 psi. ) 

Membrane due to Mc (4c3> = Kn(C3)(Mc/((Rm*2)(6)(T))> 
= 1 ( 7.754372E-02 ) ( 0 / ( ( 35.8125 * 2 ) ( 

1.810228E-02 ) ( .375 ) ) ) 
= 0 psi. 

Bending due to Mc (6c4) = Kb(C4)(6(Mc)/((T-2)(Rm)(6))) 
= 1 ( .1009 ) ( 6 ( 0 ) / C ( .375 * 2 ) ( 35.8125 ) ( 

.0231499 ) ) ) 
= 0 psi. 

Membrane due to Ml (Sc5) = Kn(C5)(Ml/((Rnf 2)(6)(T))) 
= 1 ( 7.252811 ) (-17600 / ( ( 35.8125 * 2 ) ( 

6.258932E-02 ) ( .375 ) ) ) 
=-4242 psi. 

Bending due to Ml (6c6) = Kb(C6)(6(Ml)/((T-2)(Rm)(4))) 
= 1 ( 2.568189E-02 ) ( 6 (-17600 ) / ( ( .375 * 2 ) ( 

35.8125 ) ( .1295062 ) ) ) 
=-4159 psi. 

Press, stress (4c7) = Dp(Rm)(Iv)/(T) 
= 2 ( 35.8125 ) ( 1 ) / ( .375 ) 
= 191 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-6c 1 0 0 0 
-4c 2 0 0 0 
-4c 3 0 0 0 

•

c 4 0 0 0 
[ 5 4242 4242 -4242 

-4c 6 4159 -4159 -4159 

-4c 8401 83 -8401 
-4p 191 191 191 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

-4242 0 0 0 0 
4159 0 0 0 0 

-83 0 0 0 0 
191 191 191 191 191 



'.'kc\ 8W2 274 -8210 108 191 191 191 191 



Item no. : F#4-UEST S/o no. : .375 M-IOI, P,L£IOFL12 

trie parameters 

Gamma =95.5 

6x1 : 5.235602E-03 
6x2 : .2164049 
6x : 2.419355E-02 

61 : 4.241911E-02 62 : 4.460884E-02 
64 : 2.980845E-02 65 : 6.258932E-02 

63 : 1.810228E-02 
66 : 7.499635E-02 

Longitudinal stresses : 

Membrane due to P (611) = Kn(L1x)(P/(Rm(T))) 
= 1 ( L1x ) ( 0 / ( 35.8125 ( .375 ) ) ) 
= 0 psi. (0 psi. ) 

Bending due to P (612) = Kb(L2x)(6(P)/(T"2)) 
= 1 ( L2x ) ( 6 ( 0 ) / ( .375 * 2 ) ) 
= 0 psi. ( 0 psi. ) 

Membrane due to Mc (613) = Kn(L3)(Mc/((Rm_2)(6)(T))) 
= 1 ( .3252309 ) ( 0 / ( ( 35.8125 " 2 ) ( 

1.810228E-02 ) ( .375 ) ) ) 
= 0 psi. 

ing due to Mc (614) = Kb(L4)(6(Mc)/((T"2)(Rm)(6))) 
= 1 ( .06 ) ( 6 ( 0 ) / ( ( .375 " 2 ) ( 35.8125 ) ( 

2.980845E-02 ) ) ) 
= 0 psi. 

Membrane due to Ml (615) = Kn(L5)(Ml/((Rm"2)(6)(T))) 
= 1 ( .6576346 ) (-17600 / ( ( 35.8125 * 2 ) ( 

6.258932E-02 ) ( .375 ) ) ) 
=-386 psi. 

Bending due to Ml (616) = Kb(L6)(6(Ml)/((T~2)(Rm)(6))) 
= 1 ( 6.549262E-02 ) ( 6 (-17600 ) / ( ( .375 * 2 ) ( 

35.8125 ) ( 7.499635E-02 ) ) ) 
=-18312 psi. 

Press, stress (617) = Dp(Rm)(Iv)/(2(T)) 
= 2 ( 35.8125 ) ( 1 ) / ( 2 ( .375 ) ) 
= 96 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-61 1 0 0 0 0 0 0 0 0 
-61 2 0 0 0 0 0 0 0 0 
-61 3 0 0 0 0 0 0 0 0 
-61 4 0 0 0 0 0 0 0 0 
Ml 5 386 386 -386 -386 0 0 0 0 
W 6 18312 -18312 -18312 18312 0 0 0 0 

-61 18698 -17926 -18698 17926 0 0 0 0 
"6p 96 96 96 96 96 96 96 96 



M-LOI) P.MOFMZ 
;t 18794 -17830 -18602 18022 96 96 96 96 



M-IOI, P NO OP HZ 

Item no. : F#4-WEST S/o no. : .375 

******************************************************************************** m ear stresses : 

Shear due to VI (Ss1) = Vl/(4(Ct)(T)> 
= 880 / ( 4 ( 7.75 ) ( .375 ) ) 
= 76 psi. 

Shear due to Vc (Ss2) = Vc/(4(Cc)(T)) 
= 0 / ( 4 ( .1875 ) ( .375 ) ) 
= 0 psi. 

Shear due to Mt (Ss3) = 0 psi. 

Stresses Au Al Bu Bl Cu Cl Du Dl 

-Ss 1 0 0 0 0 -76 -76 76 76 

-Ss 2 0 0 0 0 0 0 0 0 

-Ss 3 0 0 0 0 0 0 0 0 

-Sst 0 0 0 0 -76 -76 76 76 

Combined stress intensity : 

- When fist = 0 

(comb.) = The larger of 

Set 
2) Sit 
3) Sit - Set 

- When Sst <> 0 

S (comb.) = The larger of : 
1) 0.5 (Slt+Sct+Sqr.((Slt-Sct)*2+4(Sst*2))] 
2) 0.5(Slt+Sct-Sqr.((Slt-Sct)*2+4(Sst '2))) 
3) Sqr.((Slt-Sct)*2+4(Sst*2))) 

Stresses Au Al Bu Bl Cu Cl Du Dl 

-Ss (conb.) 18794 -18105 -18603 18022 233 233 233 233 



PRESSURE VESSEL DESIGN PRO CORP. 

HOUSTON TX 

--- COMPUTATION OF LOCAL STRESSES ---

CUSTOMER NAME : FMC CORP 

P.O. NO. : 9353.001 

ITEM NO. : F#4-UEST S/O NO. : .190 

DESIGNER NAME : M.SCHULTZ DATE : 12-20-1994 

— Stresses in Cylindrical Shell 

Attachment Mk. : JT6LD6 

M.A.U.P. : 2 psi. 
Des. temp. : 100 deg. F 

Vessel 

Cyl. ID. : 71.62 in. Cyl. mean rad. : 35.905 in. (corr.) 

•

yl. thk. : .19 in. ( .19 in. (corr.)) 
aterial : SA 516 70 

Allow, stress : 17500 psi. 

Attachment 

Shape : Rectangular 
CI : 7.75 in. 
Cc : .1875 in. 

Loads & Moments 

Radial load P 
Shear load Vc 
Shear load VI 
Moment He 
Moment Ml 
Moment Mt 

: 0 lb. 
: 0 lb. 
: 880 lb. 
: 0 in.-lb. 
:-17600 in.-lb. 
:-3910 in.-lb. 

Stress coefficient factors 

Kn 
Cla 
C3 
L1a 
3 

: 1 

^C1 

: 27.8891 
.1311907 

: 31.29509 
1.104026 

1(Nf) 
K2 (N O 

.91 
1.48 

Kb : 1 
C1b : 30.90211 
C4 : .1 
Lib : 32.82476 
L4 : .06 

K1(Nx) 
K2(Nx) 

1.68 
1 .2  

Iv : 1 
C2a : .1897126 
C5 : 16.4961 
L2a : .1357579 
L5 : .4582869 

K1(Mf) : 1.76 
K2(Mf) : .88 

C2b : .1302496 
C6 : 1.585486E-02 
L2b : 9.411623E-02 
L6 : .0473144 

K1(Mx) : 1.2 
K2(Mx) : 1.25 

Kc(6) : .9507444 Xc(Mf) : 1.169942 Kc(Mx) : 1.436777 
Cc(Ni) : .09 Cc(Nx) : .44 



M-IOI, P. 11Z OF HZ 
Kl(6) : 1.45265 Kl(Mf) : 2.042313 
Cl(Nf) : .8 Cl(Nx) : .07 

Kl(Mx) : 1.19129 



Item no. : F#4-WEST S/o no. : .190 

^^^ometric parameters 

G antra = Rm/T = 35.905 / .19 
= 188.9737 

M- IOI, P. H3 OF M 

61x = Cc/Rm = .1875 / 35.905 = 5.222113E-03 
A2x = Cl/Rm = 7.75 / 35.905 = .2158474 
fix = fi1x/fi2x = 5.222113E-03 / .2158474 = 2.419355E-02 

fi1 : 5.454069E-02 fi2 : .0283317 fi3 : 1.805565E-02 
fi4 : 2.112406E-02 fi5 : 6.242807E-02 fi6 : .1274977 

Circumferential stresses : 

Membrane due to P (fic1) = Kn(C1x)(P/(Rm(T))) 
= 1 ( C1x ) ( 0 / ( 35.905 ( .19 ) ) ) 
= 0 psi. ( 0 psi. ) 

Bending due to P (fic2> = Kb(C2x)(6(P)/(T"2)) 
= 1 ( C2x ) ( 6 ( 0 ) / ( .19 " 2 ) ) 
= 0 psi. ( 0 psi. ) 

Membrane due to Mc <fic3) = Kn(C3)(Mc/((Rm-2)(fi)(T)>) 
= 1 ( .1311907 ) ( 0 / ( ( 35.905 " 2 ) ( 1.805565E-02 

) ( .19 ) ) ) 
= 0 psi. 

Bending due to Mc (Sc4) = Kb(C4)(6(Mc)/((T"2)(Rm)(fi))) 
= 1 ( .1 ) ( 6 ( 0 ) / ( ( .19 * 2 ) ( 35.905 ) ( 

2.112406E-02 ) ) ) 
= 0 psi. 

Menbrane due to Ml <fic5) = Kn(C5)(Ml/((Rm-2)(fi)(T))> 
= 1 ( 16.4961 ) (-17600 / ( ( 35.905 * 2 ) ( 

6.242807E-02 ) ( .19 ) ) ) 
=-18988 psi. 

Bending due to Ml (fic6) = Kb(C6)(6(Ml)/((r2)(Rni)(6))) 
= 1 ( 1.585486E-02 ) ( 6 (-17600 ) / ( ( .19 * 2 ) ( 

35.905 ) ( .1274977 ) ) ) 
=-10132 psi. 

Press, stress (fic7) = Dp(Rm)(Iv)/(T) 
= 2 ( 35.905 ) ( 1 ) / ( .19 > 

; « 378 pai. 
Stresses Au AI Bu Bl Cu CI Du Dl 

-fic 1 0 0 0 0 0 0 0 0 
-fic 2 0 0 0 0 0 0 0 0 
-fic 3 0 0 0 0 0 0 0 0 
-fic 4 0 0 0 0 0 0 0 0 
Jc 5 18988 T ~  18988 -18988 -18988 0 0 0 0 
?fic 6 10132 -10132 -10132 10132 0000 

-fic 29120 8856 -29120 -8856 0000 
-fip 378 378 378 378 378 378 378 378 



M'LOL, FIN4 OR HZ 

-4ct 29498 9234 -28742 -8478 378 378 378 378 



Item no. : F#4-WEST S/o no. : .190 
M-IOI, OR HZ 

^metric parameters 

Ganma = 1&P.9737 

6x1 : 5.222113E-03 
6x2 : .2158674 
6x : 2.419355E-02 

61 : 4.230982E-02 
64 : 2.594194E-02 

62 : 4.449391E-02 
65 : 6.242807E-02 

63 : 1.805565E-02 
66 : 7.436996E-02 

Longitudinal stresses : 

Membrane due to P (611) = Kn(L1x)(P/(Rm(T))) 
= 1 ( L1x ) ( 0 / ( 35.905 ( .19 ) ) ) 
= 0 psi. ( 0 psi. ) 

Bending due to P (612) = Kb(L2x)(6(P)/(T*2)) 
= 1 ( L2x ) ( 6 ( 0 ) / ( .19 * 2 ) ) 
= 0 psi. ( 0 psi. ) 

Membrane due to Mc (613) = Kn(L3)(Mc/((Rm"2)(6)(T))) 
= 1 ( 1.104026 ) ( 0 / ( ( 35.905 * 2 ) ( 1.805565E-02 

) ( .19 ) ) ) 
> 0 psi. 

ing due to Mc (614) = Kb(L4)(6(Mc)/((f2)(Rm)(6))) 
= 1 ( .06 ) ( 6 ( 0 ) / ( ( .19 * 2 ) ( 35.905 ) ( 

2.594194E-02 ) ) ) 
= 0 psi. 

Membrane due to Ml (615) = Kn(L5)(Ml/((Rm-2)(6)(T))) 
= 1 ( .4582869 ) (-17600 / ( ( 35.905 * 2 ) ( 

6.242807E-02 ) ( .19 ) ) ) 
=-528 psi. 

Bending due to Ml (616) = Kb(L6)(6(Ml)/((T~2)(Rm)(6))) 
= 1 ( .0473144 ) ( 6 (-17600 ) / ( ( .19 * 2 ) ( 35.905 

) ( 7.436996E-02 ) ) ) 
=-51833 psi. 

Press, stress (617) = Dp(Rm)(Iv)/(2(T)) 
= 2 ( 35.905 ) ( 1 ) / ( 2 ( .19 ) ) 

•'•,189 pel. 
Stresses Au Al Bu Bl Cu CI Du Dl 

-61 1 0 0 0 0 0 0 0 0 
-61 2 0 0 0 0 0 0 0 0 
-61 3 0 0 0 0 0 0 0 0 
-61 4 0 0 0 0 0 0 0 0 
^l 5 528 528 -528 -528 0 0 0 0 

1 51833 -51833 -51833 51833 0 0 0 0 

-61 .52361 -51305 -52361 51305 0 0 0 0 
-6p 189 189 189 189 189 189 189 189 



M-IOL, P. 176 OR 112 

Jit 52550 -51116 -52172 51494 189 189 189 189 



Item no. : F#4-WEST S/o no. : .190 
P.177 OR 

m. 
**************************************** 

iear stresses : 

Shear due to VI (As1) = Vl/(4(Cl)(T)) 
= 880 / ( 4 ( 7.75 ) ( .19 ) ) 
= 149 psi. 

Shear due to Vc (As2) = Vc/(4(Cc)(T)) 
= 0 / ( 4 ( .1875 ) ( .19 ) ) 
= 0 psi. 

Shear due to Mt (As3) = 0 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-4s 1 0 0 0 0 -149 -149 149 149 
-4s 2 0 0 0 0 0 0 0 0 
-4s 3 0 0 0 0 0 0 0 0 

-4st 0 000 -149 -149 149 149 

Combined stress intensity : 

When Ast = 0 

(comb.) = The larger of : 

Act 
2) Alt 
3) Alt - Act 

- When Ast <> 0 

A (comb.) = The larger of : 
1) 0.5[Alt+Act+Sqr.((Alt-Act)*2+4(Ast"2))] 
2) 0.5 [Alt+Act-Sqr.((Alt-Act)*2+4(Ast*2))l 

3) Sqr.((Alt-Act)"2+4(Ast"2))) 

Stresses Au AI Bu Bl Cu CI Du Dl 

-As (confc.) 52550 -60351 -52173 59972 460 460 460 460 



M-IOIT FIN FORM 

STEARNS-ROGER DIV.1 TRANSFORMATION OF COORDINATES PROGRAM 

DATE 12-15-1994 
TIME 11:58:49 

VERTICAL VESSEL 
FUR MACE *4 - IWBS T POT 
J O I N T * &  - L O F I D & G  

(PL +SEISMIC) SH -• /'K* J/ R 3 *SRV] 

NOZZLE ORIENTATION = 347.47 DEG 

P I P I N G  LOADS 

FXO = 
FYO = 
FZO = 

180.00 LBS 
1020.00 LBS 
-200.00 LBS 

MX0 
MY0 
MZ0 

1746.67 FT-LBS 
-100.83 FT-LBS 

-0.83 FT-LBS 

TRANSLATION OF ROTATED LOADS = 0.00 IN 

SECONDARY ROTATION AROUND HORIZONTAL = 0.00 DEG 

ROTATED AND/OR TRANSLATED I 

P (Z) = 0.16 KIPS 
VC(X) = -0.22 KIPS 
VL(Y) = 1.02 KIPS 

MC(Y) = -1.21 IN-KIPS 
ML(X) = -20.46 IN-KIPS 
MT(Z) = "4.54 IN-KIPS 



PRESSURE VESSEL DESIGN PRO CORP. 
HOUSTON TX 

A******##**#**#***#************************************************* 

--- COMPUTATION OF LOCAL STRESSES — 

CUSTOMER NAME : FMC CORP 

P.O. NO. : 9353.001 

ITEM NO. : F#4-UEST S/O NO. : .375 

DESIGNER NAME : M.SCHULTZ DATE : 12-20-1994 

--- Stresses in Cylindrical Shell 

Attachment Mk. : JT6LD8 

M.A.U.P. : 2 psi. 
Des. temp. : 100 deg. F 

Vessel 

Cyl. ID. : 71.25 in. Cyl. mean rad. : 35.8125 in. (corr.) «yl. thk. : .375 in. ( .375 in. (corr.)) 
aterial : SA 516 70 

Allow, stress : 17500 psi. 

Attachment 

Shape : Rectangular 
CI : 7.75 in. 
Cc : .1875 in. 

Loads & Moments 

Radial load P : 160 lb. 
Shear load Vc :-220 lb. 
Shear load VI : 1020 lb. 
Moment Mc :-1210 in.-lb. 
Moment Ml :-20460 in.-lb. 
Moment Mt :-4540 in.-lb. 

Stress coefficient factors 

Kn : 1 Kb : 1 Iv : 1 
C1a : 16.4399 C1b : 16.78083 C2a : .218978 
C3 : 7.754372E-02 C4 : .1009 C5 : 7.252811 
L1a : 17.85809 Lib : 17.25823 L2a : .1679735 

J.3 : .3252309 L4 : .06 L5 : .6576346 

C2b : .1604909 
C6 : 2.568189E-02 
L2b : .1235527 
L6 : 6.549262E-02 

"KKND : .91 K1(Nx) : 1.68 K1 (Mf) : 1.76 
K2(Nf) : 1.48 K2(Nx) : 1.2 K2(Mf) : .88 
Kc(6) : 1.005836 Kc(Mf) : 1.278839 Kc(Mx) : 1.646668 
Cc(Nf) : .15 Cc(Nx) : .44 

X1(Mx) : 1.2 
K2(Mx) : 1.25 



M-fOt. p. no OF 112 
Kt(6) : 1.334016 KUNf) : 2.069142 KUMx) : 1.198229 
CL(Nf) : .77 Cl(Nx) : .24 



M-IOI PJSIOFM? 
Item no. : F#4-WEST S/o no. : .375 

••••••••A*#***#***************************************************************** 

eometric parameters 

Ganma = Rm/T = 35.8125 / .375 
= 95.5 

41x = Cc/Rm = .1875 / 35.8125 = 5.235602E-03 
42x = Cl/Rm = 7.75 / 35.8125 = .2164049 
6x = 61x/62x = 5.235602E-03 / .2164049 = 2.419355E-02 

61 : 5.468157E-02 62 : 2.840488E-02 63 : 1.810228E-02 
64 : .0231499 65 : 6.258932E-02 66 : .1295062 

Circunferential stresses : 

Membrane due to P <6c1) = Kn(C1x)(P/(Rm(T))> 
= 1 ( C1x ) ( 160 / ( 35.8125 ( .375 ) ) ) 
= 196 psi. ( 200 psi. ) 

Bending due to P (6c2) = Kb(C2x)(6(P)/(T*2>) 
* 1 ( C2x ) ( 6 ( 160 ) / { .375 * 2 ) ) 
= 1495 psi. ( 1096 psi. ) 

Membrane due to Mc <6c3) = Kn(C3)(Mc/((Rm-2)(6)(T))) 
= 1 ( 7.754372E-02 ) (-1210 / ( ( 35.8125 * 2 ) ( 

1.810228E-02 ) ( .375 ) ) ) 
=-12 psi. 

Bending due to Mc <6c4> = Kb(C4)(6(Mc)/((T*2)(Rm)(6))> 
= 1 ( .1009 ) ( 6 (-1210 ) / ( ( .375 " 2 ) ( 35.8125 

) ( .0231499 ) ) } 
=-6284 psi. 

Membrane due to Ml (6c5) = Kn(C5)(Nl/((Rm"2)(6)(T))) 
= 1 ( 7.252811 ) (-20460 / ( ( 35.8125 * 2 ) ( 

6.258932E-02 ) ( .375 ) ) ) 
=-4931 psi. 

Bending due to Ml (6c6) = Kb(C6)(6(Ml)/((T'2)(Rm)(6))) 
= 1 ( 2.568189E-02 ) ( 6 (-20460 ) / ( ( .375 * 2 ) ( 

35.8125 ) ( .1295062 ) ) } 
=-4835 psi. 

Press, stress (4c7) = Dp(Rm)(Iv)/(T) 
= 2 ( 35.8125 ) ( 1 ) / ( .375 ) 
= 191 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-4c 1 
-4c 2 
-4c 3 
-4c 4 
}4c 5 
-4c 6 

-200 
-1096 
0 
0 
4931 
4835 

-200 
1096 
0 
0 
4931 

-4835 

-200 
-1096 
0 
0 

-4931 
-4835 

-200 
1096 
0 
0 

-4931 
4835 

-196 
-1495 
12 
6284 
0 
0 

-196 
1495 
1 2  

-6284 
0 
0 

-196 
-1495 
-12 
-6284 
0 
0 

-196 
1495 

-12 
6284 
0 
0 

-4c 8470 992 -11062 800 4605 -4973 -7987 7571 
-4p 191 191 191 191 191 191 191 191 



M-lOl, P.M 0fr 19Z 

8661 1183 -10871 991 4796 -4782 -7796 7762 



Item no. : F#4-WEST S/o no. : .375 

******************************************** 

M - I O I ,  p .  I ? 3  o r  M 2  

^^^.eometric parameters 

Garrma = 95.5 

6x1 : 5.235602E-03 
6x2 : .2164049 
6x : 2.419355E-02 

61 : 4.241911E-02 62 : 4.460884E-02 63 : 1.810228E-02 
64 : 2.980845E-02 65 : 6.258932E-02 66 : 7.499635E-02 

Longitudinal stresses : 

Membrane due to P (611) = Kn(Llx)(P/(Rm(T)}) 
= 1 ( L1x ) ( 160 / ( 35.8125 ( .375 ) ) ) 
= 213 psi. ( 206 psi. ) 

Bending due to P (612) = Kb(L2x)(6(P)/(T*2)) 
= 1 ( L2x ) ( 6 ( 160 ) / ( .375 " 2 ) ) 
= 1147 psi. ( 843 psi. ) 

Membrane due to He (613) = Kn(L3)(Mc/((Rm"2)(6)(T))) 
= 1 ( .3252309 ) (-1210 / ( ( 35.8125 " 2 ) ( 

1.810228E-02 ) ( .375 ) ) ) 
=-46 psi. 

ending due to Mc (614) = Kb(L4)(6(Mc)/((T*2)(Rm)(6))) 
= 1 ( .06 ) ( 6 (-1210 ) / ( ( .375 * 2 ) ( 35.8125 ) ( 

2.980845E-02 ) ) ) 
=-2903 psi. 

Membrane due to Ml (615) = Kn(L5)(Ml/((Rm"2)(6)(T))) 
= 1 ( .6576346 ) (-20460 / ( ( 35.8125 * 2 ) ( 

6.258932E-02 ) ( .375 ) ) ) 
=-448 psi. 

Bending due to Ml (616) = Kb(L6)(6(Ml)/((T'2)(Rm)(6))) 
= 1 ( 6.549262E-02 ) ( 6 (-20460 ) / ( ( .375 * 2 ) ( 

35.8125 ) ( 7.499635E-02 ) ) ) 
=-21288 psi. 

Press, stress (617) = Dp(Rm)(Iv)/(2(T)) 
= 2 ( 35.8125 ) ( 1 ) / ( 2 ( .375 ) ) 
= 96 psi. 

Stresses Au Al Bu Bl Cu CI Ou 01 

-61 1 
-61 2 
-61 3 
-61 4 
-61 5 
1 6 1  6  

-213 
-1147 
0 
0 
448 
21288 

-213 
1147 
0 
0 
448 

-21288 

-213 
-1147 
0 
0 

-448 
-21288 

-213 
1147 
0 
0 

-448 
21288 

-206 
-843 
46 
2903 
0 
0 

-206 

843 
46 

-2903 
0 
0 

-206 
-843 
-46 
-2903 

0 
0 

-206 
843 

-46 
2903 
0 
0 

-61 

"6p 
20376 
96 

-19906 
96 

-23096 
96 

21774 
96 

1900 
96 

-2220 
96 

-3998 
96 

3494 
96 



M-IOF, FT 12* OF WZ-
4lt 20472 -19810 -23000 21870 1996 -2124 -3902 3590 



Item no. : F#4-WEST S/o no. : .375 
Af - I O t ,  p , \ 2 S o F W Z  

Jhear stresses : 

Shear due to VI (Ssl) - Vl/(4(Cl)(T)) 
= 1020 / ( 4 ( 7.75 ) ( .375 ) ) 
= 88 psi. 

Shear due to Vc (Ss2) = Vc/(4(Cc)(T)) 
=-220 / ( 4 ( .1875 ) ( .375 ) ) 
=-783 psi. 

Shear due to Mt (Ss3) = 0 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-4S \ 0 0 0 0 -88 - 88 88 88 
-4s 2 -783 -783 783 783 0 0 0 0 
-4s 3 0 0 0 0 0 0 0 0 

-4st -783 -783 783 783 -88 -88 88 88 

Combined stress intensity : 

- When Sst = 0 

•

(comb.) = The larger of : 
) Set 

2) Sit 
3) Sit - Set 

- When Sst <> 0 

S (comb.) = The larger of : 
1) 0.5[Slt+Sct+Sqr.((Slt-Sct)*2+4(Sst*2))l 
2) 0.5[Slt+Sct-Sqr.((Slt-Sct)"2+4(Sst*2))] 
3) Sqr.((Slt-Sct)*2+4(Sst*2))) 

Stresses Au Al Bu Bl Cu CI Du Dl 

-Ss (confc.) 20524 21051 -23051 21899 4799 -4786 -7799 7764 



PRESSURE VESSEL DESIGN PRO CORP. 

HOUSTON TX 

--- COMPUTATION OF LOCAL STRESSES — 

CUSTOMER NAME : FMC CORP 

P.O. NO. : 9353.001 

ITEM NO. : F#4-UEST S/O MO. : .22 

DESIGNER NAME : M.SCHULTZ DATE : 01-25-1995 

*»»**************•***»*»****•*»**•******»****•**•***»******••**»************•*** 

— Stresses in Cylindrical Shell — 

Attachment Mtc. : JT6LDS 

H.A.W.P. : 2 psi. 
Des. temp. : 100 deg. F 

Vessel 

Cyl. ID. : 71.57 in. Cyl. mean rad. : 35.895 in. (corr.) 
. thk. s.22 in. ( .22 in. (corr.)) 

laterial : SA 516 70 
Allow, stress : 17500 psi. 

Attachment 

Shape : Rectangular 
CI : 7.75 in. 
Cc : .1875 in. 

Loads & Moments 

Radial load P : 160 lb. 
Shear load Vc :-220 lb. 
Shear load VI : 1020 lb. 
Moment Mc :-1210 in.-lb. 
Moment Ml :-20460 in.-lb. 
Moment Mt :-4540 in.-lb. 

Stress coefficient factors 

Kn : 1 
C1a : 25.06905 
C3 : .105988 
Lla : 27.12423 

A3 : .8488396 

Kb : 1 
Clb : 27.051 
C4 : .1 
Lib : 28.81219 
L4 : .06 

Iv : 1 
C2a : .19484 
C5 : 13.91269 
L2a : .1392084 
L5 : .3806117 

C2b : .1405478 
C6 : 1.780453E-02 
L2b : 9.925683E-02 
L6 : 5.102649E-02 

K1(Nf) : .91 
K2(Nf) : 1.48 
Kc(6) : .964193 
Cc(Nf) : .09 

K1(Nx) 
K2(Nx) 
Kc(Mf) 
Cc(Nx) 

1.68 
1.2 
1.198505 
.44 

K1(M() 
K2(Mf) 
Kc(Mx) 

1.76 
.88 
1.490405 

K1(Mx) : 1.2 
K2(Mx) : 1.25 



M -IGI j  £127  o r / 92  

KK6) : 
CI (NO 

1.420715 

: .8 
Kl(Mf) 
Ct(Nx) 

2.047351 

.07 

Kl(Nx) : 1.19129 



Item no. : F#4-UEST S/o no. : .22 

M-IOI EIMORIIZ 

************************************************** 

• eometric parameters 

Gamma = Rm/T = 35.895 / .22 
= 163.1591 

41x = Cc/Rm = .1875 / 35.895 = 5.223569E-03 
42x = Cl/Rm = 7.75 / 35.895 = .2159075 
4x = 41x/42x = 5.223569E-03 / .2159075 = 2.419355E-02 

61 : 5.455589E-02 
64 : .0216458 

62 : 2.833959E-02 
65 : 6.244545E-02 

63 : 1.806068E-02 
66 : .1278478 

Circunferential stresses : 

Membrane due to P (4c1) = Kn(C1x)(P/(Rm(T))) 
= 1 ( C1x ) ( 160 / ( 35.895 ( .22 ) ) ) 
= 508 psi. ( 548 psi. ) 

Bending due to P (4c2) = Kb(C2x)(6(PV(T*2)> 
= 1 ( C2x > ( 6 { 160 ) / ( .22 " 2 ) ) 
= 3865 psi. ( 2788 psi. ) 

Membrane due to Mc (6c3) = Kn(C3)(Mc/((Rm*2)(4)(T))) 
= 1 ( .105988 ) (-1210 / ( ( 35.895 * 2 ) ( 

1.806068E-02 ) ( .22 ) ) ) 
=-26 psi. 

Bending due to Mc (6c4) = Kb(C4)(6(Mc)/((r2)(Rm)(4))> 
= 1 < .1 ) ( 6 (-1210 ) / ( ( .22 * 2 ) ( 35.895 ) ( 

.0216458 ) ) ) 
=-19307 psi. 

Membrane due to Ml (6c5) = Kn(C5)(Ml/((Rm'2)(6)(T))) 
= 1 ( 13.91269 ) (-20460 / ( ( 35.895 * 2 ) ( 

6.244545E-02 ) ( .22 ) ) ) 
=-16082 psi. 

Bending due to Ml (6c6) = Kb(C6)(6(Ml)/((T'2)(Rm)(6))) 
= 1 ( 1.780453E-02 ) ( 6 (-20460 ) / ( ( .22 * 2 ) ( 

35.895 ) ( .1278478 ) ) ) 
*-9841 psi. 

Press, stress (4c7) = Dp(Rm)(Iv)/(T) 
= 2 ( 35.895 ) ( 1 ) / ( .22 ) 

\» 326 psi. 
Stresses Au Al Bu Bl Cu CI Du Dl 

-6c 1 
-4c 2 
-4c 3 
-4c 4 
f4c 5 
-4c 6 

$48 
-2788 
0 
0 

(16082 
9841 -

-548 
2788 
0 
0 
16082 

-9841 

-2788 
0 
0 

CT-t6082 
-9841 

-548 
2788 
0 
0 

-16082 
9841 

-508 
-3865 
26 
19307 
0 
0 

-508 
3865 
26 

-19307 
0 
0 

-508 
-3865 
-26 

-19307 
0 
0 

-508 
3865 

-26 
19307 
0 
0 

-4c 22587 8481 -29259 -4001 14960 -15924 -23706 22638 
-4p 326 326 326 326 326 326 326 326 
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-Act 22913 8807 -28933 -3675 15286 -15598 -23380 22964 



M'tO! P190 OF 192 
Item no. : F#4-UEST S/o no. : .22 

eometnc parameters 

Ganma = 163.1591 

6x1 : 5.223569E-03 
6x2 : .2159075 
6x : 2.419355E-02 

61 : 4.232162E-02 62 : 4.450631E-02 63 : 1.806068E-02 
64 : 2.691772E-02 65 : 6.244545E-02 66 : 7.439066E-02 

Longitudinal stresses : 

Membrane due to P (ill) = Kn(L1x)(P/(Rm(T)>) 
» 1 C Llx > C 160 / C 35.895 ( .22 ) ) ) 
= 550 psi. ( 584 psi. ) 

Bending due to P (612) = Kb(L2x)(6(P)/(T*2)) 
= 1 ( L2x ) ( 6 ( 160 ) / ( .22 * 2 ) ) 
= 2761 psi. ( 1969 psi. ) 

Membrane due to Mc (613) = Kn(L3)(Mc/((Rm'2)(6)(T))) 
* 1 ( .8488396 ) (-1210 / ( ( 35.895 * 2 ) ( 

1.806068E-02 ) ( .22 ) ) ) 
*-202 psi. 

^^ending due to Mc (614) = Kb(L4)(6(Mc)/((T'2)(Rm)(6))) 
* 1 ( .06 ) ( 6 (-1210 ) / ( ( .22 * 2 ) ( 35.895 ) ( 

2.691772E-02 ) ) ) 
*-9316 psi. 

Membrane due to Ml (615) * Kn(L5)(Ml/((Rm'2)(6)(T))) 
* 1 ( .3806117 ) (-20460 / ( ( 35.895 * 2 ) ( 

6.244545E-02 ) ( .22 ) ) ) 
*-441 psi. 

Bending due to Ml (616) * Kb(L6)(6(Ml)/((T'2)(Rm)(6))) 
= 1 ( 5.102649E-02 ) ( 6 (-20460 ) / ( ( .22 * 2 ) ( 

35.895 ) ( 7.439066E-02 ) ) ) 
*-48469 psi. 

Press, stress (617) = Dp(Rm)(Iv)/(2(T)) 
= 2 ( 35.895 ) ( 1 ) / ( 2 ( .22 ) ) 
= 163 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

m 

-61 1 
-61 2 
-61 3 
-61 4 
61 5 

I 6 

-550 
-2761 
0 
0 
441 
48469 

-550 
2761 
0 
0 
441 

•48469 

-550 
-2761 
0 
0 

-441 
-48469 

-550 
2761 
0 
0 

-441 
48469 

-584 
-1969 

202 
9316 
0 
0 

-584 
1969 
202 

-9316 
0 
0 

-584 
-1969 
-202 
-9316 
0 
0 

-584 
1969 

-202 
9316 
0 
0 

-61 
"6p 

45599 
163 

-45817 
163 163 

50239 
163 

6965 
163 

-7729 
163 

-12071 
163 

10499 
163 
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,4lt 45762 -45654 -52058 50402 7128 -7566 -11908 10662 
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Item no. : F#4-WEST S/o no. : .22 

ear stresses : 

Shear due to VI (4s1) « Vl/(4(Cl)(T» 
= 1020 / ( 4 ( 7.75 ) ( .22 ) ) 
= 150 psi. 

Shear due to Vc (4s2) = Vc/(4(Cc)(T)) 
*-220 / ( 4 ( .1875 ) ( .22 ) ) 
=-1334 psi. 

Shear due to Mt (4s3) = 0 psi. 

Stresses Au Al Bu Bl Cu CI Du Dl 

-4s 1 0 0 0 0 -150 -150 150 150 
-4s 2 -1334 -1334 1334 1334 0 0 0 0 
-4s 3 0 0 0 0 0 0 0 0 

-4st -1334 -1334 1334 1334 -150 -150 150 150 

Combined stress intensity : 

- Vhen 4st = 0 

•

(comb.) = The larger of : 
4ct 

2) 411 
3) 411 - 4ct 

- When 4st <> 0 

4 (comb.) = The larger of : 
1) 0.5[4lt+4ct+Sqr.((4lt-4ct)"2+4(4st"2))] 
2) 0.5[4lt+4ct-Sqr.((4lt-4ct)*2+4(4st*2))] 
3) Sqr.((4lt-4ct)'2+4(4st"2))) 

Stresses Au Al Bu Bl Cu Cl Du Dl 

-4s (comb.) 45840 54526 -52136 54143 15289 -15602 -23383 22966 



APPENDIX 3 
INSPECTION REPORTS 



FURNACE #4 SLURRY POT TANK SYSTEM 
FIRST AND SECOND PASS SLURRY POTS 
DESIGN ASSESSMENT AND CERTIFICATION 

V-4213 & V-4214 

APPENDIX 3 INSPECTION REPORTS 

ULTRASONIC INSPECTION REPORTS 
Furnace # 4, East Slurry Pot, V-4213, UltraPIPE Inspection Data Management, 2/2/99 
Furnace # 4, West Slurry Pot, V-4214, UltraPIPE Inspection Data Management, 2/2/99 

SLURRY POT LEAK TEST REPORTS 
QA/QC Equipment Condition Report, #4 Furnace Precipitators Slurry Pots, 
August 20, 1999 

API LEAK TEST PROCEDURE 
Guide for Inspection of Refinery Equipment, Chapter XIII-Atmospheric and Low-Pressure 
Storage Tanks, 4th Edition, April 1981; Section 13.4.5 Testing of Tanks. 

PHOSPHOROUS CHEMICAL DIVISION 
FMC CORPORATION 

A-4 Sept-99 



FMC CORPORATION 
POCATELLO, ID 
QA/QC GROUP 

UltraPIPE Inspection Data Management 

Corrosion Monitorina Ea/Circ ID Analvsis Reoort 
(Report in Inches, Corrosion Rates in MPY) 

Analysis: Statistical/Straight Line 

Report Date: 2/2/99 

AREA: FURNACE 
Eq/Circ ID: 4FCE E SLURY POT 

Eq Type: VESSEL 
Class: 1 

RBI: 
Design Code: S8/D1 

V- 4V?> 
Flange Rating: 285 lb/ 

Design Pressure: 6 lb/in2 
Design Temperature: 300 °F 

Description: #4 FURNACE E SLURRY TANK 

TML No. 
Location 
Desc 

Ctn 
TML 

first 
Survey 
Thick Nt 

first 
Date 

Near 
Survey 
Thick Nt 

Near 
Date 

Last 
Survey 
Thick Nt 

Last 
Date 

Shrt 
Term 
Rate 

Long 
Term 
Rate 

Best 
Rate 

Retiremei 
Thicknes 

it 
Rep 
TML 
CR 

TML 
Retirement 
Date 

TML 
Inspection 
Date 

1.01 N. INLET NOZZLE N 0.500 NM 1/1/92 N/A 0.418 1/28/99 N/A 12 N/A 0.187 S 12 3/9/16 1/28/04 

CM O
 

T—t 

E. INLET NOZZLE N 0.500 NM 1/1/92 N/A 0.500 1/28/99 N/A 0 N/A 0.187 s 1 4/5/22 1/28/04 

1.03 S. INLET NOZZLE N 0.500 NM 1/1/92 N/A 0.412 1/28/99 N/A 12 N/A 0.187 s 12 9/28/15 1/28/04 

1.04 W. INLET NOZZLE N 0.500 NM 1/1/92 N/A 0.406 1/28/99 N/A 13 N/A 0.187 s 13 4/19/15 1/28/04 

2.01 N. 6" BYPASS NOZ N 0.432 NM 1/1/92 N/A 0.340 1/28/99 N/A 13 N/A 0.125 s 13 1/1/15 1/28/04 

2.02 E. 6" BYPASS NOZ N 0.432 NM 1/1/92 N/A 0.375 1/28/99 N/A 8 N/A 0.125 s 8 8/5/17 1/28/04 

2.03 S. 6" BYPASS NOZ N 0.432 NM 1/1/92 N/A 0.366 1/28/99 N/A 9 N/A 0.125 s 9 12/4/16 1/28/04 

2.04 W. 6" BYPASS NOZ N 0.432 NM 1/1/92 N/A 0.349 1/28/99 N/A 12 N/A 0.125 s 12 9/1/15 1/28/04 

3.01 N. SLRY MIX NOZ N 0.375 NM 1/1/92 N/A 0. 341 1/28/99 N/A 5 N/A 0.187 s 5 6/26/10 1/28/04 

3.02 E. SLRY MIX NOZ N 0.375 NM 1/1/92 N/A 0.374 1/28/99 N/A 0 N/A 0.187 s 1 12/4/12 1/28/04 

3.03 S. SLRY MIX NOZ N 0.375 NM 1/1/92 N/A 0.368 1/28/99 N/A 1 N/A 0.187 s 1 6/25/12 1/28/04 

3.04 W. SLRY MIX NOZ N 0.375 NM 1/1/92 N/A 0. 340 1/28/99 N/A 5 N/A 0.187 s 5 5/30/10 1/28/04 

4 .01 N. TOP HEAD N 0.375 NM 1/1/92 N/A 0.370 1/28/99 N/A 1 N/A 0.200 s 1 9/1/11 1/28/04 

4.02 E. TOP HEAD N 0.375 NM 1/1/92 N/A 0.371 1/28/99 N/A 1 N/A 0.200 s 1 9/28/11 1/28/04 

4.03 S. TOP HEAD N 0.375 NM 1/1/92 N/A 0.366 1/28/99 N/A 1 N/A 0.200 s 1 5/16/11 1/28/04 

4.04 W. TOP HEAD N 0.375 NM 1/1/92 N/A 0.359 1/28/99 N/A 2 N/A 0.200 s 2 11/8/10 1/28/04 

5.01 N. TOP SHELL N 0.375 NM 1/1/92 N/A 0.374 1/28/99 N/A 0 N/A 0.200 s 1 12/19/11 1/28/04 

5.02 E. TOP SHELL N 0.375 NM 1/1/92 N/A 0. 342 1/28/99 N/A 5 N/A 0.200 s 5 8/5/09 1/28/04 

5.03 S. TOP SHELL N 0.375 NM 1/1/92 N/A 0.325 1/28/99 N/A 7 N/A 0.200 s 7 5/2/08 9/15/03 

5.04 W. TOP SHELL N 0.375 NM 1/1/92 N/A 0. 377 1/28/99 N/A 0 N/A 0.200 s 1 3/9/12 1/28/04 

6.01 N. BTM SHELL N 0.375 NM 1/1/92 N/A 0. 381 1/28/99 N/A 0 N/A 0.200 s 1 6/25/12 1/28/04 

6.02 E. BTM SHELL N 0.375 NM 1/1/92 N/A 0. 363 1/28/99 N/A 2 N/A 0.200 s 2 2/24/11 1/28/04 

6.03 S. BTM SHELL N 0.375 NM 1/1/92 N/A 0.289 1/28/99 N/A 12 N/A 0.200 s 12 9/1/05 5/16/02 

6.04 W. BTM SHELL N 0.375 NM 1/1/92 N/A 0.309 1/28/99 N/A 9 N/A 0.200 s 9 2/24/07 2/11/03 

7.01 N. BTM HEAD N 0.375 NM 1/1/92 N/A 0.314 1/28/99 N/A 9 N/A 0.200 s 9 7/9/07 4/19/03 

Page: 1 



FMC CORPORATION 
POCATELLO, ID 
QA/QC GROUP 

UltraPIPE Inspection Data Management 

Corrosion Monitorina Ea/Circ ID Analvsis Reoort 
(Report in Inches, Corrosion Rates in MPY) 

Analysis: Statistical/Straight Line 

Report Date: 2/2/99 

AREA: 
Eq/Circ ID: 

Eq Type: VESSEL 
Class: 1 

RBI: 
Design Code: S8/D1 

FURNACE 
4FCE E SLURY POT 

Flange Rating: 285 lb/ 
Design Pressure: 6 lb/in2 

Design Temperature: 300 °F 

Description: #4 FURNACE E SLURRY TANK 

TML No. 
Location 
Desc 

Ctn 
TML 

First 
Survey 
Thick Nt 

First 
Date 

Near 
Survey 
Thick Nt 

Near 
Date 

Last 
Survey 
Thick Nt 

Last 
Date 

Shrt 
Term 
Rate 

Long 
Term 
Rate 

Best 
Rate 

Retireme 
Thiaknes 

nt 
• 

Rep 
TML 
CR 

TML 
Retirement 
Date 

TML 
Inspection 
Date 

7.02 E. BTM HEAD N 0.375 NM 1/1/92 N/A 0.283 1/28/99 N/A 13 N/A 0.200 S 13 3/23/05 2/24/02 

7.03 S. BTM HEAD N 0.375 NM 1/1/92 N/A 0.283 1/28/99 N/A 13 N/A 0.200 S 13 3/23/05 2/24/02 

7.04 W. BTM HEAD Y * 0.375 NM 1/1/92 N/A 0.255 1/28/99 N/A 17 N/A 0.200 s 17 4/24/02 9/10/00 

8.01 N. OUTLET NOZ N 0.365 NM 1/1/92 N/A 0.282 1/28/99 N/A 12 N/A 0.190 s 12 11/21/05 6/26/02 

8.02 E. OUTLET NOZ N 0.365 NM 1/1/92 N/A 0.266 1/28/99 N/A 14 N/A 0.190 s 14 7/3/04 10/16/01 

8.03 S. OUTLET NOZ N 0.365 NM 1/1/92 N/A 0.280 1/28/99 N/A 12 N/A 0.190 s 12 9/28/05 5/30/02 

8.04 W. OUTLET NOZ N 0.365 NM 1/1/92 N/A 0.288 1/28/99 N/A 11 N/A 0.190 s 11 5/2/06 9/15/02 

Page:  2  



* c UltraPIPE Corrosion Monitorj^^^Eq/Circ ID Analysis Report 

FMC CORPORATION 
POCATELLO, ID 
QA/QC GROUP 

UltraPIPE Inspection Data Management 

AREA: 
Eq/Circ ID: 

Design Code: 
Eq Type: 
Class: 

RBI: 

FURNACE 
4FCE E SLURY POT 
S8/D1 
VESSEL 
1 

(Report in Inches, Corrosion Rates in MPY) 
Analysis: Statistical/Straight Line 

Report Date: 2/2/99 

Flange Rating: 285 lb/ 
Design Pressure: 6 lb/in2 

Design Temperature: 300 °F 

Description: #4 FURNACE E SLURRY TANK 

TML Corrosion Rates are each the Maximum of: 
(A) — Calculated Corrosion Rates x 1.00 
(B) — Default Corrosion Rate 

Representative Corrosion Rate is the Maximum of: 
(A) — Average Corrosion Rate x 1.10 
(B) — Average Max 25.0% of TMLs, Min of 2 
(C) — Formula Corrosion Rate (Sigma = 1.28) 
(D) -- Default Corrosion Rate 
Representative Corrosion Rate = 13.5 MPY 

TML thickness readings taken above 150.0 °F have been compensated by 1% per 100.0 °F 
TML thickness readings have been compensated for growths. 

TML Life calculations are based on the maximum of the Rep. TML CR and the RCR using Short 
Term, Long Term, and Best Fit Corrosion Rates. 

Nominal thickness is used for TML corrosion rate calculations with less than 3 surveys. 

Varies 
1.0 MPY 

8.1 MPY 
13.5 MPY 
9.1 MPY 
2.0 MPY 

TML Inspection dates are: 
(A) — Minimum( TML Life / 2.00, 5.0 years ) 

Eq/Circ ID Estimated life = 3.2 years. 
(Estimated Life is based on the average of the earliest 1 TML retirement dates.) 

Predicted Eq/Circ ID Retirement date is 04/24/2002 

Recommended Eq/Circ U/T Inspection Date is 09/10/2000 
U/T Inspection Date is the minimum( Remaining life / 2.0, 5.0 years ). 

Caution TML Logic: TML Corrosion Rate > 15.00 MPY .OR. TML Remaining Life < 1 Years. 
There are 1 Caution TMLs in this Eq/Circ ID. 

Page:  3  



FMC CORPORATION 
POCATELLO, ID 
QA/QC GROUP 

UltraPIPE Inspection Data Management 

AREA: 
Eq/Circ ID: 

Eq Type: 
Class: 

RBI: 
Design Code: 

Corrosion Monitorina Ea/Circ ID Analvsis Reoort 
(Report in Inches, Corrosion Rates in MPY) 

Analysis: Statistical/Straight Line 

Report Date: 2/2/99 

FURNACE 
4FCE W SLURY POT \/-*VZA \ 
VESSEL 
1 

S8/D1 

Flange Rating: 285 lb/ 
Design Pressure: 6 lb/in2 

Design Temperature: 300 °F 

Description: #4 FURNACE W SLURRY TANK 

TML Ho. 
Location 
Desc 

Ctn 
TML 

First 
Survey 
Thick Nt 

First 
Date 

Near 
Survey 
Thick Nt 

Near 
Date 

Last 
Survey 
Thick Nt 

Last 
Date 

Shrt 
Term 
Rate 

Long 
Term 
Rate 

Best 
Rate 

Retiremei 
Thicknes 

it 
Rep 
TML 
CR 

TML 
Retirement 
Date 

TML 
Inapeotion 
Date 

1.01 N. INLET NOZZLE Y 0.500 NM 1/1/92 N/A 0.320 1/28/99 N/A 25 N/A 0.187 s 25 12/6/03 7/3/01 

1.02 E. INLET NOZZLE Y 0.500 NM 1/1/92 N/A 0.312 1/28/99 N/A 27 N/A 0.187 s 27 8/21/03 5/10/01 

1.03 S. INLET NOZZLE Y 0.500 NM 1/1/92 N/A 0.310 1/28/99 N/A 27 N/A 0.187 s 27 7/26/03 4/27/01 

1.04 W. INLET NOZZLE Y 0.500 NM 1/1/92 N/A 0.346 1/28/99 N/A 22 N/A 0.187 s 22 11/17/04 12/23/01 

2.01 N. 6" BYPASS NOZ Y 0.432 NM 1/1/92 N/A 0.230 1/28/99 N/A 29 N/A 0.125 s 29 9/30/02 11/29/00 

2.02 E. 6" BYPASS NOZ Y * 0.432 NM 1/1/92 N/A 0.213 1/28/99 N/A 31 N/A 0.125 s 31 11/30/01 6/30/00 

2.03 S 6" BYPASS NOZ Y 0.432 NM 1/1/92 N/A 0.214 1/28/99 N/A 31 N/A 0.125 s 31 12/18/01 7/9/00 

2.04 W. 6" BYPASS NOZ Y 0.432 NM 1/1/92 N/A 0.234 1/28/99 N/A 28 N/A 0.125 s 28 12/20/02 1/8/01 

3.01 N. SLRY MIX NOZ N 0.375 NM 1/1/92 N/A 0.365 1/28/99 N/A 1 N/A 0.187 s 1 7/28/05 4/29/02 

3.02 E. SLRY MIX NOZ N 0.375 NM 1/1/92 N/A 0.359 1/28/99 N/A 2 N/A 0.187 s 2 5/9/05 3/20/02 

3.03 S. SLRY MIX NOZ N 0.375 NM 1/1/92 N/A 0.359 1/28/99 N/A 2 N/A 0. 187 s 2 5/9/05 3/20/02 

3.04 W. SLRY MIX NOZ N 0.375 NM 1/1/92 N/A 0. 368 1/28/99 N/A 1 N/A 0.187 s 1 9/6/05 5/19/02 

4 .01 N. TOP HEAD N 0.375 NM 1/1/92 N/A 0.347 1/28/99 N/A 4 N/A 0.200 s 4 6/10/04 10/4/01 

4 .02 E. TOP HEAD N 0.375 NM 1/1/92 N/A 0.381 1/28/99 N/A 0 N/A 0.200 s 1 9/6/05 5/19/02 

4.03 S. TOP HEAD N 0.375 NM 1/1/92 N/A 0.375 1/28/99 N/A 0 N/A 0.200 s 1 6/18/05 4/9/02 

4 .04 W. TOP HEAD N 0.375 NM 1/1/92 N/A 0. 344 1/28/99 N/A 4 N/A 0.200 s 4 5/1/04 9/14/01 

5.01 N. TOP SHELL N 0.375 NM 1/1/92 N/A 0.349 1/28/99 N/A 4 N/A 0.200 s 4 7/6/04 10/17/01 

5.02 E. TOP SHELL N 0.375 NM 1/1/92 N/A 0.371 1/28/99 N/A 1 N/A 0.200 s 1 4/25/05 3/13/02 

5.03 S. TOP SHELL N 0.375 NM 1/1/92 N/A 0.381 1/28/99 N/A 0 N/A 0.200 s 1 9/6/05 5/19/02 

5.04 W. TOP SHELL N 0.375 NM 1/1/92 N/A 0.363 1/28/99 N/A 2 N/A 0.200 s 2 1/9/05 1/19/02 

6.01 N. BTM SHELL N 0.375 NM 1/1/92 N/A 0.372 1/28/99 N/A 0 N/A 0.200 s 1 5/9/05 3/20/02 

6.02 E. BTM SHELL N 0.375 NM 1/1/92 N/A 0.379 1/28/99 N/A 0 N/A 0.200 s 1 8/10/05 5/5/02 

6.03 S. BTM SHELL N 0.375 NM 1/1/92 N/A 0.378 1/28/99 N/A 0 N/A 0.200 s 1 7/28/05 4/29/02 

6.04 W. BTM SHELL N 0.375 NM 1/1/92 N/A 0.376 1/28/99 N/A 0 N/A 0.200 s 1 7/1/05 4/15/02 

7.01 N. BTM HEAD N 0.375 NM 1/1/92 N/A 0.375 1/28/99 N/A 0 N/A 0.200 s 1 6/18/05 4/9/02 

Page:  1  



FMC CORPORATION 
POCATELLO, ID 
QA/QC GROUP 

UltraPIPE Inspection Data Management 

Corrosion Monitorina Ea/Circ ID Analvsis Reoort 
(Report in Inches, Corrosion Rates in MPY) 

Analysis: Statistical/Straight Line 

Report Date: 2/2/99 

AREA: 
Eq/Circ ID: 

Eq Type: 
Class: 

RBI: 
Design Code: S8/D1 

FURNACE 
4FCE W SLURY POT 
VESSEL 
1 

Flange Rating: 285 lb/ 
Design Pressure: 6 lb/in2 

Design Temperature: 300 °F 

Description: #4 FURNACE W SLURRY TANK 

TML No. 
Location 
De»a 

Ctn 
TML 

rirst 
Survey 
Thick Nt 

rirst 
Date 

Near 
Survey 
Thick Nt 

Near 
Date 

Last 
Survey 
Thick Nt 

Last 
Date 

Shrt 
Term 
Rate 

Long 
Term 
Rate 

Best 
Rate 

Retireme 
Thiaknes 

at 
s 

Rep 
TML 
CR 

TML 
Retirement 
Date 

TML 
Inspection 
Date 

7.02 E. BTM HEAD N 0.375 NM 1/1/92 N/A 0.373 1/28/99 N/A 0 N/A 0.200 S 1 5/22/05 3/26/02 

7.03 S. BTM HEAD N 0.375 NM 1/1/92 N/A 0.375 1/28/99 N/A 0 N/A 0.200 S 1 6/18/05 4/9/02 

7.04 W. BTM HEAD N 0.375 NM 1/1/92 N/A 0.371 1/28/99 N/A 1 N/A 0.200 s 1 4/25/05 3/13/02 

8.01 N. OUTLET NOZ N 0.365 NM 1/1/92 N/A 0.331 1/28/99 N/A 5 N/A 0.190 s 5 3/22/04 8/25/01 

8.02 E. OUTLET NOZ N 0.365 NM 1/1/92 N/A 0.313 1/28/99 N/A 7 N/A 0.190 s 7 7/26/03 4/27/01 

8.03 S. OUTLET NOZ N 0.365 NM 1/1/92 N/A 0.332 1/28/99 N/A 5 N/A 0.190 s 5 4/4/04 9/1/01 

8.04 W. OUTLET NOZ N 0.365 NM 1/1/92 N/A 0.310 1/28/99 N/A 8 N/A 0.190 s 8 6/16/03 4/7/01 

Page:  2  



UltraPIPE Corrosion Monitorl^^Eq/Circ ID Analysis Report 

FMC CORPORATION 
POCATELLO, ID 
QA/QC GROUP 

UltraPIPE Inspection Data Management 

(Report in Inches, Corrosion Rates in MPY) 
Analysis: Statistical/Straight Line 

AREA: 
Eq/Circ ID: 

Design Code: 
Eq Type: VESSEL 
Class: 1 

RBI: 

FURNACE 
4FCE W SLURY POT 
S8/D1 

Report Date: 2/2/99 

Flange Rating: 285 lb/ 
Design Pressure: 6 lb/in2 

Design Temperature: 300 °F 

Description: #4 FURNACE W SLURRY TANK 

TML Corrosion Rates are each the Maximum of: 
(A) — Calculated Corrosion Rates x 1.00 
(B) — Default Corrosion Rate 

Representative Corrosion Rate is the Maximum of: 
(A) -- Average Corrosion Rate x 1.10 
(B) -- Average Max 25.0% of TMLs, Min of 2 
(C) — Formula Corrosion Rate (Sigma = 1.28) 
(D) — Default Corrosion Rate 
Representative Corrosion Rate = 27.4 MPY 

TML thickness readings taken above 150.0 °F have been compensated by 1% per 100.0 °F 
TML thickness readings have been compensated for growths. 

TML Life calculations are based on the maximum of the Rep. TML CR and the RCR using Short 
Term, Long Term, and Best Fit Corrosion Rates. 

Nominal thickness is used for TML corrosion rate calculations with less than 3 surveys. 

Varies 
1.0 MPY 

9.5 MPY 
27.4 MPY 
10.5 MPY 
2.0 MPY 

TML Inspection dates are: 
(A) -- Minimum( TML Life / 2.00, 5.0 years ) 

Eq/Circ ID Estimated life = 2.8 years. 
(Estimated Life is based on the average of the earliest 1 TML retirement dates.) 

Predicted Eq/Circ ID Retirement date is 11/30/2001 

Recommended Eq/Circ U/T Inspection Date is 06/29/2000 
U/T Inspection Date is the minimumf Remaining life / 2.0, 5.0 years ). 

Caution TML Logic: TML Corrosion Rate > 15.00 MPY .OR. TML Remaining Life < 1 Years. 
There are 8 Caution TMLs in this Eq/Circ ID. 
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•FMC 
QA/QC Equipment Condition Report. 
To: Richard Brooks 

From: Rod Thompson 

CC: RLR 

Date: August 20, 1999 

Re: # 4 Furnace Precipitators Slurry Pots. 

# 4 Furnace 1st and 2nd pass Slurry Pots were filled water and checked for leaks 

08/19/99. No leaks were detected at this time. 

Attached is the Ultra-pipe corrosion report summary of the Ultra-sonic inspection that 

was completed on these pots 02/11/1999. 

# 4 Furnace 1" pass. Slurry Pot V-4213 

TML Inspection date is: 
(A) — Minimum( TML Life / 2.00, 5.0 years ) 

Eq/Circ ID Estimated life = 3.2 years. 
(Estimated Life is based on the average of the earliest 1 TML retirement dates.) 
Predicted Eq/Circ ID Retirement date is 04/24/2002 
Recommended Eq/Circ U/T Inspection Date is 09/10/2000 
U/T Inspection Date is the minimum( Remaining life / 2.0, 5.0 years ). 
Caution TML Logic: TML Corrosion Rate > 15.00 MPY .OR. TML Remaining Life < 1 Years. 
There are 1 Caution TMLs in this Eq/Circ ID. 

# 4 Furnace 2nd pass. Slurry Pot V-4214 

TML Inspection date is: 
(A) — Minimum( TML Life / 2.00, 5.0 years ) 

Eq/Circ ID Estimated life = 2.8 years. 
(Estimated Life is based on the average of the earliest 1 TML retirement dates.) 
Predicted Eq/Circ ID Retirement date is 11/30/2001 
Recommended Eq/Circ U/T Inspection Date is 06/29/2000 
U/T Inspection Date is the minimum( Remaining life / 2.0, 5.0 years ). 
Caution TML Logic: TML Corrosion Rate > 15.00 MPY OR. TML Remaining Life < Years. 

There are 8 Caution TMLs in this Eq/Circ ID. 

Itpm Inspector 

Rod Thompson 

• Page 1 
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CHAPTER xiii—ATMOSPHERIC AND LOW-PRESSURE STORAGE TANKS 35 

Figure 59—Example of Corrosion of Steam Heating 
Coii 

opened joint. Gasket surfaces of opened flanges should be 
checked for corrosion, and the flange faces should be 
checked for distortion by using a flange square. Nozzle 
thickness can be calculated by measuring the inside and 
outside diameters. This method avoids breaking the joints. 
As corrosion may be greater on one side of the nozzle, a 
visual check for ecentricity of the nozzle interior should 
accompany these measurements and calculations. 

13.4.5 TESTING OF TANKS 

When storage tanks are built, they are tested in accord­
ance with the standard to which they were constructed. 
The same methods later can be used to inspect for leaks 
and to check repair work. When major repairs or rebuild­
ing have been done, such as the installation of a new tank 
bottom or replacement of large sections of shell plate, the 
need for a test should be considered. High quality mate­
rials, design details, fabrication procedures, or nondestruc­
tive examination may be considered in lieu of testing. If 
the repairs have not made the tank as strong as a new tank, 
the water height for the test should be limited in accord­
ance with the lower strength conditions. 

The word testing as used in this section applies only to 
the process of filling the tank with a liquid or gaseous 
fluid, at the appropriate pressure, to test it for strength and 
leaks. 

Atmospheric storage tanks, which are designed to with­
stand no more than 0.5 pounds per square feet gage pres­
sure over the static pressure of the liquid contained in the 
tanks, are normally tested only by filling the tanks with 
water. The strength of the lower portions of a tank is thus 
tested at a pressure that depends on the depth of water 
above. All exposed portions of the tank can be checked for 
leaks; up to the water level even serious leaks in bottoms 

resting on pads can be detected. For certain high-strength 
and alloy steels, consideration should be given to water in­
gredients and contaminants, such as chlorides, to avoid the 
possibility of stress corrosion cracking (see Chapter 11. 
"Conditions Causing Deterioration or Failures"). Con­
sideration should also be given to the notch toughness of 
the shell material at the air and water temperature existing 
at the time of the test. A discussion of notch toughness and 
brittle failures also can be found in Chapter II. If water is 
not available and if the roof of the tank is reasonably air­
tight or can be made so, a slight air pressure not exceeding 
2 inches of water pressure may be applied to the inside of 
the tank. This type of test is of very little use as a strength 
test and is used only in inspection for leaks. Soap solution 
is applied to the outside surface of all suspected areas of 
the tank, especially on the seams, so that the air escaping 
through the leaks will produce soap bubbles, thus disclos­
ing the leaks. Roof seams can be effectively vacuum-tested 
in the same manner. 

Low-pressure storage tanks can be tested in the same 
manner as atmospheric storage tanks, but at slightly higher 
pressures, depending upon their design (see API Standard 
620). 

Pneumatic testing can be used when water or other suit­
able liquid is unavailable, when a tank is unstable when 
filled with liquid, or when a trace of water cannot be toler­
ated in the normally stored product. If a tank is seriously 
corroded, this method should be avoided; however, if it is 
necessary to use the method, the greatest caution should be 
exercised. Inspection for leaks can most easily be made by 
soaping the outside seams of the tank and looking for soap 
bubbles, as in atmospheric tanks. 

13.4.6 DETERMINATION OF LIMITS 

The inspection of storage tanks is much more valuable 
when the limits of corrosion and other forms of deteriora­
tion that can safely be tolerated are known for the tank be­
ing inspected. There are two aspects to consider when in­
specting a tank: (1) the rate at which deterioration is 
proceeding, and (2) the safe limit of deterioration. For the 
most common form of deterioration, metal corrosion, the 
rate of metal loss in a tank in any given service can be ob­
tained by plotting the metal thickness at two or more in­
spections against the inspection dates, as shown in Figure 
60. An extension of the line drawn through the plotted 
points will indicate, with reasonable accuracy, the time at 
which the metal will reach the limit of deterioration. Most 
other forms of deterioration—such as mechanical damage 
from wind, cracking of the tank metal, and operating fail­
ure of accessories—do not take place at a steady rate; in 
fact, they are unpredictable. If the safe limit of deteriora­
tion is known, knowing how long the tank will take to 
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FURNACE #4 SLURRY POT TANK SYSTEM 
FIRST AND SECOND PASS SLURRY POTS 
DESIGN ASSESSMENT AND CERTIFICATION 

V-4213 & V-4214 

APPENDIX 4 PIPING SYSTEM 

PIPING STANDARDS & SPECIFICATIONS 

FMC's Engineering Standards, February 22, 1990 
ES-2-0.0-0 through ES-2-0.4-0, General Information 
ES-2-1-0 For Cold Phossy Water 
ES-2-3-0 For Hot Phossy Water 
ES-2-31-0 For Furnace Precipitator Slurry 

PHOSPHOROUS CHEMICAL DIVISION 
FMC CORPORATION 

A-5 Sept-99 



J-^V^nrP Phosphorus Chemicals Division 
Pocatello 

I n t e r o f f i c e  

TO Pocatello Engineering Department Standards oat? February 22, 1990 
Distribution 

From Engineering Piping Standards Committee 

JL Sutnect NEV PIPING MATERIAL STANDARDS 

Attached are the nev Engineering Piping Standards (ES-2-0.0 through 95). 

Please remove the entire Piping section in your Engineering Standards book 
and insert these nev standards. 

The General Notes (ES-2-0.1) provide clarification to help understand the 
•ne'v material standards. 

All of the plant piping material standards have been revised to comply 
vith ASME/ANSI Code B31.3 "Chemical Plant and Petroleum Refinery Piping". 

The nev standards apply to all nev construction and should be applied to 
repair vork as appropriate. 

Vork vill continue on defining the fabrication, inspection and testing 
upgrades. As a minimum see ES-2-0.2 through ES-2-0.4. 

Some of the main changes to the material specifications are: 

o All 1-1/2" and smaller threaded carbon steel pipe vill be 
Sch 80. Ve currently use only Sch 80 nipples, 

o Cast iron body valves vill be replaced by cast steel bodies 
in most cases. 

Stores items vill be changed to be consistent vith the standards. 

Since there are major changes in the standards, meetings are being 
planned to give an overviev and ansver questions about the nev 
standards. This vill take place by the end of the Second Quarter, 
1990. 

If you have any questions before the overviev meetings, contact one of the 
Engineering Piping Standards committee members (PSGSchoen, RDPatton, 
DLHorak, ETSmith, RHMiller, or AJPotzman). 

nm 



FMC - POCATELLO ENGINEERING STANDARD . Number: ES-2-0.0-0 
Original Issue Date: 2/90 

Revision Date: 
TITLE: PIPING STANDARDS INDEX Page: 1 of  2 

Approval: 
i  

NUHBER TITLE CATEGORY 

ES-2-0.0-0 Index 
ES-2-0.1-0 General Notes 
ES-2-0.2-0 Category D - Construction Specifications 

and Notes 
ES-2-0.3-0 General Requirements - Construction 

Specifications and Notes 
ES-2-0.4-0 Category M - Construction Specifications 

and Notes 

WATER 
ES-2-1-0 Cold Phossy Water GEN 
ES-2-2-0 Hot Phossy Water from P^ Sumps GEN 
ES-2-3-0 Hot Phossy Water GEN 
ES-2-4-0 Fresh Water D 
ES-2-4-0 Industrial Waste Water D 
ES-2-5-0 Potable Water • 
ES-2-7-0 Furnace Cooling Water, Brass Piping D 
ES-2-10-0 Furnace, Calciner & P^ Dock. Scrubber Slurry GEN 
ES-2-35-0 Safety Shower D 
ES-2-52-0 Boiler Feed Water GEN 

LIQUID PHOSPHORUS, CENTRIFUGE PRODUCT, 
SLUDGE 

ES-2-20-0 Hot Water Jacketed M 
ES-2-22-0 Non-Jacketed M 

SLURRY 
ES-2-31-0 Furnace Precipitator Slurry GEN 
ES-2-32-0 Slaked Lime Slurry GEN 

GASES 
ES-2-4-0 Nitrogen D 

ES-2-4-0 Plant Air D 

ES-2-35-0 Instrument Air D 

ES-2-35-0 Breathing Air D 

ES-2-36-0 CO Gas M 

ES-2-39-0 Natural Gas, Medium Pressure GEN/*  
ES-2-40-0 Natural Gas, Low Pressure GEN/*  

ES-2-41-0 Oxygen GEN 

ES-2-42-0 Inert Gas GEN 

STEAM 
ES-2-51-0 Steam D 

ES-2-52-0 Superheated Steam GEN 

ES-2-52-0 Boilerhouse Steam GEN 

MISCELLANEOUS 
ES-2-56-0 Fuel Oil GEN/*  

* See specific standard for code. 



FMC - POCATELLO ENGINEERING STANDARD 

TITLE: GENERAL NOTES - PIPING STANDARDS 

Number: 
Original Issue Date: 

Revision Date: 
Page: 

Approval: 

ES-2-0 .1 -0  
2 /90  

1 of 2 

These notes are written with the intention of giving the user some clarification 
as to the abbreviations, piping grades, and other information contained vithin 
the piping standards. Codes such as ANSI B31.1, ANSI B31.3, NFPA 54/ANSI Z223.1, 
and others have been used as a basis for development of these piping standards. 
Copies of these codes are available in the Engineering Department Library and 
should be consulted when the piping standards do not contain the desired 
|information. 

• Most of the piping standards are based on ASME/ANSI B31.3 Chemical Plant 
an<^ Pgtroleum Refinery Piping. In this code three piping categories are 
presented according to hazard. 

Category D Fluid Service - Nonflammable, nontoxic, and not damaging to 
the human tissues 

- Does not exceed 150 psig 
- Design temperature is between -20 and +366 

degrees F 

General Requirements - General fluid, exposure to small quantities 
will not result in serious irreversible harm 

Category M Fluid Service - Exposure to a small quantity can produce 
serious irreversible harm to persons on 
breathing or bodily contact 

Piping is normally specified by ASTM specifications. The following is a 
brief description of a few common carbon steel pipe specifications. They 
are listed in order of the "higher quality" pipe first. Generally pipe 
listed first may be substituted for pipe listed later. 

ASTM A106 
Grade B 

- Seamless carbon steel pipe for high temperature service 

ASTM A53 Type S 
Grade B 

- Seamless steel pipe 

ASTM A53 Type E 
Grade B 

- Electric-resistance welded steel pipe 

ASTM A53 Type F - Furnace Butt-welded (continuous welded) steel pipe 
- Use only on Category D fluid service 

ASTM A120 - This specification was discontinued in 1988 and 
replaced by ASTM A53 



FHC - POCATELLO ENGINEERING STANDARD 

TITLE: GENERAL NOTES - PIPING STANDARDS 

Number: ES-2-0.1-0 
Original Issue Date: 2/90 

Revision Date: 
Page: 2 of 2 

Approval: 

- For testing piping systems, refer to ES-2-0.2 through ES-2-0.4 or the 
appropriate code. For ANSI B31.1 or ANSI B31.3, Chapter 6 "Inspection and 
Examination" includes information on testing. 

- The following are abbreviations used throughout the Piping Standards: 

ANSI 
API 
ASHE 
ASNT 
-ASTH 
AWA 
AVS 
MSS 

NFPA 
SAE 

BV 
CI 
CS 
cvp 
FF 
MI 
RF 
NPT 
Sch 
SS 
sv 
VOG 
USP 

- American National Standards- Institute 
- American Petroleum Institute 
- The American Society of Mechanical Engineers 
- American Society for Nondestructive Testing 
- American Society for Testing and Materials 
- American Vater Works Association 
- American Velding Society 
- Manufacturers Standardization Society of the Valve and 
Fitting Industry, Inc. 
- National Fire Protection Association 
- Society of Automotive Engineers 

- Butt veld 
- Cast iron 
- Carbon steel 
- Cold vater pressure 
- Flat face (flange) 
- Malleable iron 
- Raised face (flange) 
- National pipe thread 
- Schedule 
- Stainless steel 
- Socket veld 
- Vater, oil or gas 
- Working steam pressure 



PMC - POCATELLO ENGINEERING STANDARD Number: 
Original Issue Date: 

CONSTRUCTION SPECIFICATIONS Revision Date: 
TITLE: ANSI/ASME B31.3 CATEGORY D FLUIDS Page: 
(Non flammable, non toxic, and not damaging to human Approval: 
tissue. 150 psig max. -20 degF to +366 degF) 

ES-2-0 .2 -0  
2 /90  

1 of 1 

COMPONENTS: Supplier shall certify that components comply vith the designated 
grades or specifications. 

FABRICATION: Components used in fabrication shall be certified to comply vith 
AND ERECTION the designated grades of specifications. 

TESTING: Leak testing is required per ANSI/ASME B31.3 Section 345.7. 
Responsibility for leak testing shall be specified by FHC. 
An initial service leak test may be performed by gradually 
increasing the service fluid pressure in steps, starting at 25 
psi or less, until design pressure is reached. Hold the pressure 
at each step long enough to equalize strains and check for leaks. 



FHC - POCATELLO ENGINEERING STANDARD Number: ES-2-0 .3 -0  

Original Issue Date: 
CONSTRUCTION SPECIFICATIONS Revision Date-

TITLE: ANSI/ASHE B31.3 GENERAL REQUIREMENTS FLUIDS page:' 
(Exposure to small quantities will not result in serious Approval: 
irreversible harm) —/ •' ̂  

2 /90  

1 of 1 

COMPONENTS: 

FABRICATION: 
AND ERECTION 

TESTING: 

Supplier shall certify to FMC that components comply with the 
designated grades or specifications. 

Components and fabrication shall be certified to comply with 
the designated grades or specifications. Fabricator shall supply 
current records of the welding procedures, welder performance 
qualifications, and welder identification symbols. 

Leak testing is required per ANSI/ASME B31.3 Section 345. 
Responsibility for leak testing shall be specified by FMC. 

A hydrostatic leak test may be performed by gradually 
increasing the water pressure in steps, starting at 25 psig 
or less, until 1502 of the design pressure is reached. Hold 
the pressure at each step long enough to equalize strains and 
check for leaks. Piping shall be isolated from vessels and 
equipment prior to testing. See ANSI/ASME B31.3 Sec 345 for 
alternate testing techniques. 



FMC - POCATELLO ENGINEERING STANDARD Number: ES-2-0 4-0 

Original Issue Date: 
CONSTRUCTION SPECIFICATION Revision Date-

TITLE: ANSI/ASME B31.3 CATEGORY M FLUIDS Page! 
(Exposure to a small quantity can produce serious Approval: 
irreversible harm to persons upon breathing or bodily contact.) 

COMPONENTS: 

2/90 

1 of 1 

FABRICATION: 
AND ERECTION 

TESTING: 

Supplier shall certify to FMC that components comply with the 
designated grades or specifications. 

Components, fabrication, erection, and examination shall be 
certified to comply with the designated grades or specifications 
as veil as the requirements of ANSI/ASME B31.3, category M. 
Fabricator shall maintain and submit current records of the 
velding and examination procedures, velder and examiner 
performance qualifications, and velder identification symbols. 

Leak testing is required per ANSI/ASME B31.3 Section 345. 
-Fabricator shall be responsible for leak testing of fabricated 
components or assemblies. Responsibility for leak testing of 
erected lines shall be specified by FMC. 

A hydrostatic leak test may be performed by gradually increasing 
the vater pressure in steps, starting at 25 psig or less, until 
150Z of the design pressure is reached. Hold the pressure at 
each step long enough to equalize strains and check for leaks. 
Piping shall be isolated from vessels and equipment prior to 
testing. 

Note: Hydrostatic leak test does not apply to CO lines. 

See ANSI/ASHE B31.3 Sec 345 for alternate testing techniques. 
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Revision Date: 
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Revision Date: 

WATER Page: 1 or 3 
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/ 

Service and Design: Cold Phossy Water, Belov 100JF and 150 psig. Above ground. 

Applicable Codes & 
S tandards: ANSI B31.3 General Requirements. 

Color Code: Yellov 

Construction: 1 1/2" or belov - NPT 2" and up - Velded and 
flanged. 

Piping: 1 1/2" or belov ANSI B36.10, Sch. 80, ASTM A53 Type E or S, 
Grade B. 
2" and up - ANSI B36.10, Sch. AO, ASTM A53 Type E or S, 
Grade B Beveled End. 

Elbovs, Tees, etc.: 1 1/2" or belov - Malleable Iron Threaded, Class 300, 
ANSI B16.3 
2" and up - Sch. AO, Buttveld, ANSI B16.9, ASTM A23A 
Grade VPB 

1 1/2" or belov - ANSI B36.10, Sch. 80, ASTM A106, 
Grade B NPT. 

1 1/2" or belov - 3000# Forged Steel, Hexagon, Screved, ANSI 
B16.ll, ASTM A105 

1 1/2" or belov - 3000# Forged Steel Square Head, Solid 
Plug, ANSI B16.ll, ASTM A105 

1 1/2" or belov - Malleable Iron Threaded, Class 300, 
ANSI B16.3 

1 1/2" or belov - Malleable Iron Threaded, Class 
300, ANSI B16.39, Ground Joint, Bronze to Iron Seat 

Rector Seal 100V Teflon paste pipe thread Compound 

150# Raised Face, Forged Steel ASTM A105, ANSI B16.5. If 
slip on flanges are used, they must be velded on both 
sides. (NOTE: Use flat-face flanges vhen mating vith 
a flat-faced flanged component.) 

Not normally used. 

ANSI B16.21 Ring gaskets, 1/16" thick, Garlock Blueguard 
3A00 (Note: For flat-face flanges use full face gaskets.) 

Nipples: 

|Bushings: 

Plugs: 

Couplings: 

Unions: 

Thread Compound: 

Flanges: 

Flange Guards: 

Gaskets: 



FMC - POCATELLO ENGINEERING STANDARD Number: ES-2-1-0 
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Approval: U>£A<//S4£ 
/ 

Bolting: ASTM A30/ Grade B Heavy Hex Head & Heavy Hex Nuts. 

Gate Valves: 1 1/2" and belov - 125# Bronze, Screved, Rising Stem Solid 
Disc, Screved Bonnet, Meeting MSS-SP80, Crane #428 -
NO SUBSTITUTES! 
2" and up - 150# Cast Steel, Flanged, OS&Y 4 bolt Bonnet, 
Flexible Vedge Disc, Crane #47XU meeting API 600 

Check Valves: 1 1/2" and belov - 200# Strataflo Model 400 Bronze Body 
with stainless steel Poppet, Screved. 
2" and up - 150# Cast Steel, Flanged, Sving Check, 
Crane #147X. ANSI B16.34 

Globe Valves: Not normally used. 

Butterfly Valves: * 3" and over - high performance, double offset stem and 
disc, vafer style, Class 150, Carbon Steel Body and 316 
Stainless Steel Disc, X0M0X Figure 801-B-6-ST1 meeting 
ANSI B16.34, API 609 

Ball Valves: * 1 1/2" and belov-150psi VSP Bronze unibody construction, 
NPT, 316SS Ball and stem, Durafill seats, lov Profile 
Oval handle. Vatts #B6100-SS-02-OL 
2" and up - 150# Ductile Iron Body, Flanged, Reinforced 
TFE seats, SS Trim, McCanna #S 151-DI-R-S6, meeting MSS-SP72 

Plug Valves: 2" and up - 150# Flanged, Ductile Iron Body, 316SS Trim, 
Teflon sleeve and diaphragm, meeting API 593.and ANSI 
B16.10; Tufline Fig. 067 

Other Valves: Not normally used. 

Branch Connections: Use Tee, Lateral, Cross or 3000# ASTM A105 Forged Steel 
Integrally Reinforced Branch Connection Fitting (Veld-o-let, 
thread-o-let, etc.). If branch size is < 2" and < 1/4 the 
line size, then a 3000# ASTM A105 Forged steel coupling 
may be used. Other branch connections must comply vith 
ANSI B31.3 Section 304.3. 

Tubing: Not normally used. 

Velding: Per approved velding procedure. 
For FHC Maintenance use.VPS ASHE 111 in accordance vith PQT 
4111 for 2 1/2" and over vith PQT 3111 for 3/4" thru 2". 

* Preferred type of valve for this service. 

\ 
) 
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Approval: 

Construction 
Specifications: See ES-2-0.3 

Notes: See ES-2-0.3 
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Approval: uJ5/U 

Applicable codes 
& Standards: 

Color Code: 

Construction: 

Piping: 

Elbovs Tees Etc.: 

Nipples: 

Bushings: 

Plugs: 

Couplings: 

Unions: 

Thread Compound: 

Flanges: 

, j n.u\j V t 
(For hot phossy vater originating from the furnace P 

sumps see ES-2-2). 1 

ANSI B31.3 General Requirements. 

Yellow. 

1 1/2" or below - NPT. -
2" and up - Velded and Flanged. 

1 1/2" or below - ANSI B36.10, Sch 80, ASTH A53 - Type E or S 
£rade B. 
Over 2" - ANSI B36.10, Sch 40, ASTH A53 Type E or S Grade B, 
beveled ends. 

1 1/2" or below - 3000# Forged Steel, ASTH A105 Gr. 2 NPT, 
ANSI B16.ll 

2" and up- Buttweld-Schedule 40, ANSI B16.9, ASTH A234 
Grade VPB 

1 1/2" or below - ANSI B36.10, Schedule 80, ASTH A106, 
grade B NPT. 

1 1/2" or below - 3000# Forged Steel, hexagon, screwed, 
ANSI B16.ll, ASTH A105 

1 1/2" or below - 3000# Forged Steel, square head, 
solid plug, ANSI B16.ll, ASTH A105 

1 1/2" or below - 3000# Forged Steel, ASTH A105 Gr. 2, 
ANSI B16.ll 

1 1/2" or below - 3000# Forged Steel, ASTH A105 Gr. 2, 
Meeting MSS-SP83 

Rector seal 100V Teflon paste pipe thread compound. 

150# raised face, forged steel, ASTH A105, ANSI B16.5 
If slip on flanges are used, they must be velded on both 
sides. (NOTE: Use flat-face flanges when mating with a 
flat-face flanged component) 
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Number: ES-2-3-0  
Original Issue Date: 

Revision Date: 
Page: 

2 /90  

2  o f  3  
Approval: 

Bolting: 

Gate Valves: 

Check Valves: 

Globe Valves: 

Butterfly 
Valves: 

Ball Valves: 

'lug Valves: 

Ramco teflon "Spra—Gard" to match flange sizes. 

Lamons style VR chlorocarb spiral vound gasket vith 316 v ind ing  
and carbon steel centering ring, meeting API 601. 

ASTM A307 Grade B heavy Hex head and heavy hex nuts 

1 1/2" and belov - 125# bronze, screved, rising stem 
Solid Disc, screved bonnet, meeting HSS-SP80, Crane #428 
NO SUBSTITUTES 

2" and up - 150# cast steel, flanged, OS&Y, flexible vedge disc, 
4 bolt bonnet, Crane #47XU, meeting API 600 

Do Not Use 

Not Normally Used 

3" and above - High performance, Double offset stem and Disc, 
wafer style, Class 150, carbon steel body and 316 
stainless steel disc, XOHOX FIGURE 801-B-6-FT1, Meeting ANSI 
B16.34, API 609 & API 607 fire safe 

1 1/2" or belov threaded - 150 PSI VSP min., NPT Bronze unibody 
construction 316 stainless steel ball and stem, Durafill seats, 
Low profile oval handle. Watts B610O-SS-02-0L. 

2" and above - 150#, Ductile Iron Body, Flanged, reinforced TFE 
Seats, SS trim, McCanna S-151-DI-R-S6, meeting MSS-SP72. 

2" and above - 150# Flanged, Ductile iron body, 316 SS trim, 
Teflon sleeve and diaphragm, meeting API 593 and ANSI B16.10; 
Tufline fig. 067. 

ther Valves: Not Normally used. 

ranch 
Connections: 

ubing: 

elding: 

Use Tee, Lateral, Cross or 3000# ASTM A105 Forged steel 
Integrally reinforced branch connection fitting (veld-o-let, 
thread-o-let, etc.) If branch size is < 2" and < 1/4 the line 
size, then a 3000# ASTM A105 Forged steel coupling may be used. 
Other branch connections must comply vith ANSI B31.3 
section 304.3 

Not normally used. 

Per approved velding procedure. 
For FMC Maintenance use VPS ASME 111 in accordance vith PQT 
4111 for 2 1/2" and over and PQT 3111 for 3/4" thru 2" 

Preferred type of valve for this service. 
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TITLE: HOT PHOSSY VATER 

Number: ES-2-3-0 
Original Issue Date: 2/90 

Revision Date: 
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Approval: 

Construction 
Specifications: See ES-2-0.3 

Notes: See ES-2-0.3 
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TITLE: FURNACE PRECIPITATOR SLURRY 

Number: 
Original Issue Date: 

Revision Date: 
Page: 

ES-2-31-0 
2/90 

1  of  3  
Approval: u)*,„ 

Service and Design: Furnace Precipitator Slurry - Belov 100 psig, Belov 328°F 

Applicable Codes & 
Standards: 

Color Code: 

Construction: 

Piping: 

Elbovs, Tees, etc.: 

Nipples: 

Bushings: 

Plugs: 

Couplings: 

Unions: 

"hread Compound: 

Planges: 

Flange Guards: 

ANSI B31.3 General requirements. 

Yellov 

1 1/2" and belov - NPT 
2" and up - Welded and Planged 

All sizes: ANSI B36.10, Sch 80, ASTM A53 Type S, Grade B. 

1 1/2" and belov - 3000# .Forged Steel, ASTM A105 GR2,  NPT,  
ANSI B16.ll. 
2" and up - Buttveld, Sch. 80, ANSI B16.9 ASTM A23A 
Grade VPB. 
NOTE: Use Long Radius Elbovs vhenever possible. 

1 1/2" and belov - ANSI B36.10, Sch. 80, ASTM A106, 
Grade VPB. 

1 1/2" and belov - 3000# Forged Steel, Screved, Soild Plug, 
ANSI B16.ll, ASTM A105. 

1 1/2" and belov - 3000# Forged Steel, square head, 
Soild Plug, ANSI B16.ll, ASTM A105. 

1 1/2" and belov - 3000# Forged Steel, ASTH A105 Grade 2, 
ANSI B16.ll. 

1 1/2" and belov - 3000# Forged Steel,ASTM A105 Grade 2, 
MSS SP-83. 

Rector Seal 100V Teflon paste pipe thread compound. 

150# Raised Face, Forged Steel, ASTM A105, ANSI 
B16.5. If slip on flanges are used, they must be velded on 
both sides. 
(NOTE: Use Plat face flanges vhen mating vith a flat 
face flanged component.) 

Ramco Teflon "Spra-Gard" to match flange size. 
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2/90 
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Approval: MJC/J 

Gaskets: 

Bolting: 

Gate Valves: 

Check Valves: 

Globe Valves: 

Butterfly Valves: 

Ball Valves: 

Plug Valves: 

Other Valves: 

Branch Connections: 

'ubing: 

Welding: 

Lamons Style VR Chlorocarb Spiral Vound Gasket, vith 316 
winding and Carbon Steel Centering Ring, API 601. 

ASTM A307, Grade B,' Heavy Hex Head vith Heavy Hex Nuts. 

2" and up - #150 Cast Steel, Flanged, OS & Y, Flexible 
Vedge Disc, 4-Bolt Bonnet, API 600, Crane #47XU. 

2" to 8" - 150 PSI CVP Knife Gate Valve, 316 S.S. Body, 
Seats, Gate and Flanges, Molded Elastomer Packing, 
ITT Fabri-Valve #37R. 

Do Not Use. 

Do Not Use. 

Do Not Use. 

1 1/2" or belov - 150# VSP min, NPT, Bronze, Unibody 
Construction, 316 stainless steel Ball and Stem, Durafill 
seats, Lov Profile Oval Handle, Vatts B6100-SS-02-0L. 

2" and up - Not Normally Used. 

Not Normaly Used. 

150# Carbon Steel, API 607 Fire Safe. 

Use Tee, Lateral, Cross or 3000# Forged ASTM A105 Forged 
Steel Integrally Reinforced Branch Connection Fitting 
(Veld-o-let, thread-o-let, etc.) If branch size is < 2" and 
< 1/4 line size, then 3000# ASTM A105 Forged steel 
coupling may be used. Other Branch connections must comply 
vith ANSI B31.3 Section 304.3. (NOTE: Branch connections 
should point up. Use minimum distance possible between 
header and branch valve.) 

Not normally used. 

Per approved velding procedure. 
For FMC Maintenance use VPS ASME 111 in accordance vith 
PQT 4111 for NPS'2 1/2" and over and PQT 3111 for NPS 3/4" 
thru 2". 
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Construction 
Specifications: See ES-2-0.3 

Notes: See ES-2-0.3 



APPENDIX 5 
AUXILIARY EQUIPMENT 



FURNACE #4 SLURRY POT TANK SYSTEM 
FIRST AND SECOND PASS SLURRY POTS 
DESIGN ASSESSMENT AND CERTIFICATION 

V-4213 & V-4214 

APPENDIX 5 AUXILIARY EQUIPMENT 

DISCHARGE PUMP 
WEMCO Slurry Pump, Model No. 3x2 W-C 

RECIRCULATION PUMP 
Warman Horizontal Centrifugal Slurry Pump, Model No. 3/2 C-AH metal Lined, PDDI, 
Class 9A 

AGITATOR/MIXER 
LIGHTNIN Mixer, Model No. 108-VSE-3 

PHOSPHOROUS CHEMICAL DIVISION 
FMC CORPORATION 

A-6 Sept-99 
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CABLE AODhssj ^ 
TEL: (315) 444-7150 • iSLEX 37742-

MAKE REMITTANCE TO A50V 

PMC CORPORATION 
PHOSPHORUS CHEM 
P.O. SOX 4111 
POCATELLO, 10 
Fi-iC CORPORATION 
PHOSPHORUS CHEM 
HIGHWAY 30 WEST 
POCATELLO, ID 

INVCI 

XTENS ION 
0 OVERHEAD 

MOTOR SHEAVE: 3.  oj^CrTS GROOVE 
1  5/3 BORE 3/3 X 3/15 KM 
PjH M^TCHPn BELTS— 

•jnpT',CNTil MQTQFj; 15 HP 17zQ RPM 
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° "  PARTS LIST 

'  V i E H C O  S L U R R Y  P U M P  y  v  
C> ^  C ̂  \ 

xV\2~^' 
Customer: .  FMC Corporat ion 

Type Pump: 3x2 "WC" />2-r 
pump Serial  Number:  31S54SS-I-2 

Drawing Number: 

A t- 'r 

Ref.  No. 

3 

4 

9 '  

11 

12 .  

15 

24 

25 
27 

*23 
29 
32 

39 

40 

41 

*44 

45 

46 

61 
52 

*63 

*64 

Qty. 

1 

1 

1 

2 

•  4  

1 

\ 
2 

2 
1 

2 

1 

1 

Description 

Adjus t ing  Screw 

Base 
^ B e a r i n g  H o u s i n g  

H e a r i n g  

U i di«*0 •«— — • •  •  

Clamp Holt  and Nut 

Volute Bolt  

p a r t  No. 

222145, 231 ICO, 

233030 

18490 

27059 
1CC206, 1CQ207 

233525 

206201, 231520 

202135, 2305CO, 

232355 

Fr.  Pi .  Liner 

Insert  Bolt  
Fr.  ?1.  Liner Insert  

Gl and 
Gland Bolt  

Grease Retainer 

' '.ocknut and WasJj&J 

L a b y r i n t h  

L a n t e r n  R i n g  

I m p e l l e r  G a s k e t  

3.00 

796.00 
530.CO 
oo. CO 

1  7 '  C O  

5 , 0 0  

2 End Cover 47555 52.00 

V 81811 5. CO V 
'  ~En'd '~Cover Capscrew 2C0505, 232ol0 13.  CO 

1 Expeller 2709SA 255.00 

1 fSTpeller Ring} 27097A 439.00 

1 •Frame Plate Adapter . 62314A •313.00 

3 Frame plate Bolt  222 io0,  ^31020, 5.0C 

203590, 23U51, 

233105 

27099A 

26939A 
200421, 230230, 

232320 

81312 
251540, 252320 

81821 

81310 

145023 

5.00 

258.00 
73.00 

2 . 0 0  

41.00 

14.00 

77.00 
45.00 

3.00 



GUG 31 "39 11: 12PM FMC ENV 3, ENG CE^E, LlST 

WEMGO SLURRY PUMP 

Pace 2 

Customer:  FMC Corporat ion 

Type Pump: 3 X 2  "WC" 
pump Serial  Number:  8195499-1 -2 

Drawing Number:  

R e f .  N o .  

D / 

73 

* 75 

73 

109 

*iio 
i n  
117 

113 

122 

*124 

*147 

Q t v .  

1 

1 

1 

1 

1 

2 

1 

4  

1 

1 

i 

1 

1 

C e s c r l o f i c n  

Nec!< Ring 

P u l l e y  K e y  

(Shaft) 

S h a f t  S l e e v e  

S t u f f i n g  3 c  x  

o - ; s t o n  R i n g  

(fsiesve O-Rijq^ 

Volute  

P a c k i n g  R i n g s  

S n a f t  S p a c e r  

L a n t e r n  R s s t r i c t c r  

R i n g  S e a l  

V o l u t e  S e a l  

Impel 1er 

part  No. 

oc4 o3-

237OS 0 

25951 

31322 

131Co 9 

1421C3 

56203A 

145074 

P r i ;  

8 1 Sn"5 l O U v  

142132 

135 5 i A 

15.00 

3 .00  

300-CO 

120.00 

2 1 . 0 0  

3 . uu 

67 0.00 

6.00 

20. CO 

9.00 
433. C( 

For addit ional  information use UEMC0 Data Sheet  P5-D210.  

* Recommended spare  par ts .  

3339A 

LAMGZ WTTHCUC: MCT-CZ 

ir-u *«n *r >1 *f»e araoe.'TV i f  £nnrct*.2.1 
n af •!)4 :poQiCign T.a', if •i woe 

Sam «EMC2> 0I.1UOP. 72! -Isr-Tr 3 Street. Sicnmen'e CJI.fornii ino ^ ^niC 
0 a.'JSCS .n .rvy Mannar lirKtly J' noirecttl ntnmanUI .0 •-nv.f.t.ca -jrooni.on. 



tyv 11 - _Lt i C l'I I'-'I 
AtuuSTiNG 5CR£^ 
bTSE . 
BC ARING HOVSINS _ 
SCARING K*JS'-0 "-55E M 
BEAMING 
Cl. AMP WASHER 
Ci AMP tjGl T S H 'T 
VtXVJlE HOLT . . 
END CO* Eft " 
Sil.M Sf T 
END C0wEM_CAPCtHtv*__ 
EX^'ELVEH .. _ 
fxpellj* rino _ . _ 
FRAME PlAff ApAPU H 
FRAMc ATE 60l_T 
FR ?•_ „:NgR l.-XE HI 
FR Ml_ IjNER NSl'KT _ 
<>i AMD 
Cl.ANU fiOLT 
G ' R -  AGE a ' f  TA f /EH 
TC .CK^ IT a w-s i t^R 

l  ApimMlH 
LAPSIESM R"«0 
IMF ELI. e'R G _ . 
NEC< R'? jG 
FUU-Et *£? . . .  
SUFT 
shaft sleeve, 
PIGTCN R'T<:-
si ri.i OWING 
VOi.UTE 
WC-IWG A.NGS 
RING s f  A;  
vgi MT£ sfl. 

.E.R _ 

E!ALL 
St I 
C I _ 
C I 

SIL_ 
STL 
STL 
C_| 
PI.AST 
S\L~i  
C 

I 

BRZ 
r<"£ 

r& 
o. 

to a c: "D O Hi 
i» > in Is O C- CO ^ 

I O 
L__ 

o CO ^ 
I O ij ) 
rn O UJ C r m »— 

U H , 
to •— c p o> 
«• 

£ a 
« 53 a> 

brz 
CRS 
STL 
STSTl 
c f 
N§0P 

•H ASS 
CA1** 
NECP 
NEOP 

i± 

Sll j - f lNG 80X 
PAC*»1N0 P'NGS 
VuFT_5T<CER 
LANtERM RE5TKICTGR 

CI. 
lift nil S]L BR2 

H 

tr 

C, m 
*21 m 

a L'b%CliROME IRON 

(V) BEAHIMO HOUSINSASSEMSLYIOOS) CO.IS.51S 0;'!0I 10WIH0 
? POMP SIZE. MODEL a SERIAL NO MUST faE i tciritU 

SPARE PARTS 

_L 

WEMCO 
SLURRY PUMP 

TYI'f W 

4 x 3. 6 x 'L ii x 6. 10x8 
General Assembly 

£ 
n 

n 
o 
v» r* C 

•4 

U 

'1j >n 

r>j •p 

~n 
3 n 
rn 



WEI.ICO sLunriY PUMP 
3 X 2  R P M  V A R I A B L E  T Y P E  

' IMI'ELLER DIAMETER 9" 
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Wt AUO SLURRY PUMP 

3 x 2 HI'M VARIABLE TYPE VI 
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NOSAP Slurry Recirculation Pumps 

Equipment Number: 62-1120, 62-1120A, 62-2120, 62-2120A, 62-3120, 
62-312 OA, 62-4120, 62-4120A 
P&ID Equipment Number: P-1350,1351,2350,2351,3350,3351,4350,4351 
Reference Drawings: 398260, 398261, 398262, 398263, 398264, 398266 
Equipment Brand: Warman Horizontal centrifugal Sluury Pumps 
Equipment Model: 3/2 C-AH metal lined, PDDI, class 9A 
Specifications: 110 gpm § 42 ft. 
Other Items not Directly Supplied by Warman 

Motor:184T,TEFC-XEX, 5HP, 1800 RPM, 3Phase, 60Hz, 460volt 
Coupling: Belt Drive 
Seal: Stuffing Box 

Recommended Preventive Maintenance: Lubricate bearings every 6 
months. Inspect belts every 3 months. 

Recommended Preventive Maintenance: 

Spare Parts in Stores: 

Eauiomnet Item Part Number Stores Number 
Woods V-belts VW AX56 
Woods Motor Sheave VW 4.6 PDXB2 
Woods Motor Bushing VW SDS-1.125 ii 
Woods Pump Sheave VW 6.8 PDXB2 
Woods Pump Bushing VW SDS-42mm 

Frame Plate Liner Insert 2041A05 
Intake Joint Ring 2060S01 SEE 62-8205 
Volute Liner 2110A05 SEE 62-8205 
Volute Frame Seal 2125S01 SEE 62-8205 
Discharge Joint Ring 2132S01-L SEE 62-8205 
Gland Split W/bolts/nuts 044C23 
G1AND bolt w/nut/washer 045C23 
Shaft Sleeve 075C21 
Stuffing Box 078C02 
Shaft O-Ring 109S51 SEE 62-8205 
Gland Packing 111Q31 
Shaft Spacer 117C21 
Lantern Restrictor 118P50-1 
Seal Ring 122R11 
O-Ring Impeller Seal 217S51 SEE 62-8205 
Bearing Assembly -10 Seal 005-MM10 SEE 62-8205 
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WARMAN INTERNATIONAL, INC. 

SLIP ON FLANGES 

Pump Model No. 3/2 CAH 

"B" +-1/16 

SUBMITTED FOR 
INFORMATION 

ONLY 
RAYTHEON ENGINEERS 
c/o FMC CORPORATION 
P.O. 9353.001 2001 
PROJECT NO. 9353.001 
WARMAN REFERENCE C06355 

KAVTHeonengineers IorTg| 
CONSTRUCTORS 

0 NO 2001 
PROJECT NO 9353001 

REQN OR TASK 2001 
TAG NO ALL 

RECEIVED 10/06/94 
FILE NO 19 

Notes: 

1. Customer to furnish necessary flange bolts. 
Type 4140 are recommended. 

2. Customer to furnish pipe as required. 
Weld all around as indicated. 

3. Material: 
Warman Adapter Flange 
ASTM-A-36 Mild Steel 

SLURRY POT RECIRCULATION PUMPS 
EQ. NO.'S P-1350 (MDS12543MM) 

P-1351 (MDS12544MM) 
P-2350 (MDS12545MM) 

> P-2351 (MDS12546MM) 
[ P-3350 (MDS12547MM) 

v ~  P-3351 (MDS12549MM) 
P-4350 (MDS12549MM) 
P-4351 (MDS12550MM) 

WASTE SLURRY TRANSFER PUMPS 
EQ. NO.'S P-3700-A (MDS12551MM) 

P-3700-B (MDS12552MM) 

FOR INITIAL REVIEW •FOR REVIEW OF REVISION 

4. 

5. 

• W/COMMENT-RELEASED FOR FAB WITH COMMENT INCORP. 
FINAL REQUIRED 

. • NO COMMENT-RELEASED FOR FAB-FINAL REQUIRED 
Ref: Pump outline dimensional drawing for mabngwtj^eo&aris. ^ ̂  ^ t m 

REVI£W 
All dimensions below are in inches. ^finai|no^i^^n req'd qfor info^no rejjrn/req^ 

REVIEW DOEyNOT RELIEVE CONTRACTOR FROM RESPONSIBILITY 
FOR COMPLIANCE WITH THE CONTRACT DOCUMENTS. 

FLANGE DATA BOLT DATA PIPE 

Flange 
Warman Part 

Number 
A B C P.C.D. Size Qty. 

Nom. 
Size 

Intake ZIF 30MS 3.56 8-1/2 1 7 5/8" UNC x 2-1/4 LG 4 3" 

Discharge ZDF30MS 2.44 7-1/4 3/4 5-3/4 5/8" UNC x 2-1/4 LG 4 2" 



JMP SIZE 'A" "B" "C" TAP SIZE 
5/1 BAH 7-3/A- [1971 2" (52) 55° 1/8 NPT 
1.5 BAH 8-1/8 [206] i II II 

12 CAH 10-7/8 (275) 2-1/2 [65] ii 
1/4 NPT-

13 CAH 12-1/2 [318] 2-3/8 [62] 35° II 

PUMP SIZE 
12/10 FAH 
12/10 GAH 
12/10 STAH 
12/10 TAH 

26" [662] 

RAYTHEON ENGINEERS 
c/o FMC CORPORATION 
P.O. 9353.001 2001 
PROJECT NO. 9353.001 
WARMAN REFERENCE C06355 

SLURRY POT RECIRCULATION PUMPS 
EQ. NO.'S P-1350 (MDS12543MM) 

P-1351 (MDS12544MM) 
P-2350 (MDS12545MM) 

REVIE 

'B' 
6-1/2 (1661 

I I Q I I  

45c 

TAP SIZE 
1" NPT 

RAYTHEON ENGINEERS |QR1C 
& CONSTRUCTORS 

PO NO 2001 
REQN OR TASK 2001 
TAG NO P-1350.1/2350.1/3350.1/4350.1 

PROJECT NO 9353001 
RECEIVED 10/06/94 

FILE NO 6 

P-3350 (MDS12547MM) 
P-3351 (MDS12549MM) 
P-4350 (MDS12549MM) 
wpofte5Ao.<MIF2550HM> 

• U/COMHENT-RELEASED FOR FAB WITH COMMENT INCORP. 
FINAL REQUIRED 

• NO COMMENT-RELEASED FOR FAB-FINAL REQUIRED 

• NOT RELEASED FOR FAB - REVISE & RESUBMIT FOR 
w REVIEW, 
TO FINAL-NO/RETURN RHJ'D DFOR INFO-NO RETURfN REQ'D 

W U- DATE JAMV 
REVIEW DWS NOT^RELIEVE CONTRACTOR FROM RESPONSIBILITY 
FOR COMPLIANCE WITH THE CONTRACT DOCUMENTS. 

DIMENSIONS GIVEN IN INCHES & [mm] 

TAP SIZE - STANDARD POSTTOF 
OF CONNECTION INDEPENDANT OF 
PUMP DISCHARGE FLANGE , 

SUBMITTED FOR 
INFORMATION 

POSITION OF GLAND WATER CONNECTION 
FOR WARMAN SERIES "AH" PUMPS 

CHECK 
AtCfO 15 6flf  l vJJ CGA OEIAIL DIMWSIOFJS 
TO SHEET 5 OF 5 
R-viSEO 8/6 THH OlMS. 4 REM0VE0 0E1AIL FROM 
SHEET 1; AOQED SHEETS i t 5 WARMAN INTERNATIONAL INC 

A3—110 -0-370194 2 DESCRIPTION OFFICE OF ORIGIN 
MADISON REVISIONS 



RAYTHEON ENGINEERS 
c/o FMC CORPORATION 
P.O. 9353.001 2001 
PROJECT NO. 9353.001 

USER/LOCATION REFERENCE C06355 

£2A RECOMMENDEI 
DESCRIPTION PART NO. PUMP uftpht P'SV^ct1 £E£Pes per 

WEIGHT F RICE OPER • F'UMF' 
FRAME PLATE LINER INSERTCSEjXoS*******?*"***~************************+ 
INTAKE JOINT RING C 2060S01 \ 14'A 2?4*£2 
VOLUTE LINER £ 2110AOS 1 «•«J7*i2 
VOLUTE FRAME SEAL C 2125S01 5" "Si*™ 
DISCHARGE JOINT RING C 2132S01-L I '1 *=g 

SCSr^"S33E33!^^ 
GLAND BOLT U/NUTMJAfiHPe r X22Xo4 4 2*2 138.60 GLAND BOLT W/NUT6WASHER C 
SHAFT SLEEVE C 
STUFFING BOX r 
SHAFT O—RING C 
GLAND PACKING r 
SHAFT SPACER C 
LANTERN RESTRICTOR C 
SEAL RING C 
O-RING IMPELLER SEAL C 
PIPE PLUG 1/4"NPT 2PL 

045C23 
075C21 
078C02 
109S51 
111Q31 
117C21 
118P50-1 
122R11 
217S51 
20MS 

1 
1 
2 
4 
1 
1 
1 
1 
1 

1.2 
13.5 

. o 

.7 
. r> 

9.00 
145.80 
302.40 
2.25 
3.69 

171.90 
123.30 
35.10 
5.22 
.27 

1-J.h't h-LUG 1/4"NPT 2PL 20MS 1 o 04 

FRAME PLATE STUD U/o wi itc n r»-roir^o r- tr o^j.80 
***** 

FRAME PLATE STUD W/2 NUTS 
COVER PLATE 
FRAME PLATE 
ADJUSTING BOLT U/3-2NT 
BASE 
CLAMP WASHER 
CLAMP BOLT W/NUT 
SHAFT WRENCH METRIC 

C 039E62 
C 2013D21 
C 2032D21 
C 001E62 
C 003D21 
C 011E62 
C 012E62 
C 306-M65978 

3 
1 
1 
1 
1 
4 
4 
1 

1.0 
SO. 5 
47.5 
1.0 
92.0 

.2  
1 . 0  
8.7 

25.20 
646.20 
752.40 
27.00 
834.30 
6.84 
6.84 

167.40 .n. I wiacnun ntlML C 306—M65978 1 O -7 1 y»X 

BEARING ASSEMBLY MOD•METR 
GREASE CAP PVC 
END COVER SET SCREW 
BEARING HOUSING 
BEARING 
END COVER-
END COVER SHIM SET 9 P 
GREASE RETAINER 
LAE<YRINTH LOCKNUT 
LABYRINTH 
SHAFT KEY METRIC 
SHAFT METRIC 
E<RNG. SEAL RING CRW4007 
PISTON RING HOOK STYLE ̂  
GREASE ZERK 1/4"—28 TH ZFF 
PIPE PLUG 1/4"NPT 2PL 

C 
A 
B 
C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 

OOS-MMIO 
365P30 
027E62 
004G01 
009 
024D81—IO 
025 
046G01 
061E62 
062D81—IO 
070E02—M 
073E05-M 
089S10—IO 
108G01-H 
250MS 
20MS 

75.0 
.2 
.2 

33.0 
3.0 
3.0 
.2 

1.0 
• 5 

1 . 2  
. 2  

2 0 . 0  

***** toIchangeEwithoutInoticePOINT AND are subject 

1>037.70 
• 45 
. 4 5  

367.20 
40.50 
104.40 
16.20 
44.10 
37.80 
47.70 
12.60 
337.50 
12.60 
7.92 
1.98 
.27 

***** 

***** 10/24/94 ***** 

SLURRY POT RECIRCULATION 
EQ. NO.'S P-1350 (MDS125 

P-1351 (MDS125 
P-2350 (MDS125 
P-2351 (MDS125 
P-3350 (MDS125 
P-3351 (MDS125 
P-4350 (MDS125 
P-4351 (MDS125 

RAYTHEON ENGINEERS |0RlG 
& CONSTRUCTORS 
PUMPS 
"" - 2001 

PROJECT NO 9353001 

TASK 2001 
RECEIVED 11/03/94 

FILE NO 11 
P-1350.1/2350.1/3350.1/4350.1 

INITIAL REVIEW • FOR REVIEW OF REVISION 

'T?U<£OMMENT-RELEASED FOR FAB WITH COMMENT INCORP. 
"INAL REQUIRED 

COMMENT-RELEASED FOR FAB-FINAL REQUIRED 

& RESUBMIT FOR 

• FOR INFO-NO RETURN RtfQ'D 

(BlM^RELEASED FOR FAB - REVISE 

fjf FINAL 
BVV 
REVIEW LOffs &T RELIEVE CONTRACTOR FROM RESPONS'lBIL'ITY 
FOR COMPLIANCE WITH THE CONTRACT DOCUMENTS. 

DATE 





WARMAN SERIES 'A' SLURRY PUMP 
ASSEMBLY AND MAINTENANCE INSTRUCTIONS 

September 1991 

'ATMOAS 
Performance that pays. 

WARMAN INTERNATIONAL, INC. 
2701 South Stoughton Road, P.O. Box 7610, Madison, Wl 53707-7610, 608/221-2261, FAX 608/221-3003 



Section I 1-3 

PUMP IDENTIFICATION 

PUMP IDENTIFICATION CODE 

Every Warman Pump has a nameplate attached to the base. 
The pump serial number and identification code are stamped 
on the nameplate. 

The pump identification code is made up of digits and letters 
arranged as follows: 

Digits Digits Letters Letters 

(A) 
Intake 

Diameter 

(B) 
Discharge 
Diameter 

(C) 
Frame 
Size 

(D) 
Wet End 

Type 

A. The intake diameter is expressed in inches, such as 1.5, 
2,4,10,20, 36, etc. 

B. The discharge diameter is also expressed in inches, 
such as 1,1.5, 3, 8,18, 36, etc. Note: Series 'A', Type 
'L' pumps are identified by discharge diameter ex­
pressed in millimeters - the intake diameter is not 
specified. 

C. The frame of the pump consists of the base and the 
bearing assembly. The size of a frame is identified by 
one or two letters, such as B, C, D, ST, etc. 

D. The type of pump wet end is identified by one or two 
letters. Some of these are: 

AH, HH, L, M - Slurry Pumps with replaceable liners. 

D, G - Dredge Pumps and Gravel Pumps. 

S, SH - Heavy-Duty Solution Pumps. 

Examples: 

2/1.5 BAH: 
2" intake diameter 
1.5" discharge diameter 
B = frame size 
AH = slurry pump with replaceable liners 

10/8 FG: 
10" intake diameter 
8" discharge diameter 
F = frame size 
G = gravel duty wet end. 

250 FL: 
250 mm discharge diameter 
F = frame size 
L = slurry pump with replaceable liners. 



1-14 Warman Series AH, AHP, AHU, HH, L Slurry Pumps 

SPARE PARTS 

STOCK LEVELS 

Spare parts for Warman Pumps consist mainly of liners, 
impellers, bearings, shaft sleeves, seals, and shaft seal 
parts. Depending on the expected life of each part, you 
should keep a number of spares of each in stock to ensure a 
minimum of downtime. Major plants typically stock an 
additional bearing assembly for every ten (or less) pumps of 
the same size. This enables a quick exchange of the 
bearing assembly in any one of the pumps. Often this 
operation is carried out when wearing parts are being 
replaced. The removed bearing assembly can then be 
inspected in a workshop, overhauled if required, and kept 
ready for the next pump. In this way, damage is prevented 
and all pumps are always kept in optimum conditions with a 
minimum of downtime. 

PART NUMBERS 

Warman pump parts are described by a part number 
consisting of three segments. 

1. The (1) to (5) digit alpha or alpha/numeric prefix 
which references the relative pump or frame size of 
the part. 

2. The (3) digit numeric "basic part number" which 
indicated the part type. 

3. The (3) digit alpha/numeric material code. 

The following are example part numbers: 
Prefix Basic Number Material Code 

F6 147 A03 
For 8/6 FAH Impeller Ni-Hard 

F6147A03 

E4 110 A05 
For6/4EAH Volute Liner Hi-Chrome 

E4110A05 

You can use Warman components diagrams to determine 
part numbers for your pump minus the material code. 
Warman recommended spare parts lists should be used to 
verify the complete part number for your pump, including 
material codes. 

If you have any question concerning the proper part number 
or material code for your application, please contact your 
Warman representative or the factory. 

The following list depicts the basic part number and descrip­
tion for most Warman pump parts. This list will be useful in 
identifying basic part numbers referenced in the body of this 
text. 

Basic Part Name Page 
Part Number 
Number 

001 Adjusting Screw or 
Adjusting CAM IV-1 

003 Base IV-1 
004 Bearing Housing II-2 
005 Bearing Assembly IV-1 

008 Bearing Sleeve III-2 
009 Bearing II-2 
009D Bearing (Drive End) II-2 

011 Clamp Washer IV-1 

012 Clamp Bolt IV-1 

013 Cover Plate VI-1 

015 Cover Plate Bolt VI-2 
017 Cover Plate Liner VI-6 
018 Cover Plate Liner -Throatbush Type VI-7 

023 Cover Plate Liner Set Screw or Stud VI-6 
024 End Cover II-3 

025 Shim Set II-2 

026 Frame Plate Liner Stud VI-6 

027 End Cover Set Screw III-3 
028 Expeller V-6 

029 Expeller Ring V-6 

029R Expeller Ring V-11 

032 Frame Plate VI-2 

034 Frame Plate Bolt — 

036 Frame Plate Liner VI-6 
039 Frame Plate Stud IV-2 

040 Frame Plate Liner Insert Bolt VI-1 

041 Frame Plate Liner Insert VI-1 

044 Gland V-1 

045 Gland Bolt V-1 

046 Grease Retainer II-2 
060 Intake Joint — 

061 Labyrinth Locknut II-6 

062 Labyrinth II-6 

063 Lantern Ring V-6 

064 Impeller O-Ring VI-1 

067 Neck Ring V-6 
070 Shaft Key VI-2 

073 Shaft II-2 

075 Shaft Sleeve V-1 

078 Stuffing Box V-1 

079 Expeller Ring Stud V-11 

083 Throatbush VI-3 

085 Cotter — 



Basic 
Part 
Number 
089 

Part Name 

090 
108 
109 
110  
1 1 1  
117 
118 
122 
124 
125 
126 
132 
138 
147 
179 
217 
239 
241 

varies 

Bearing Seal 
Shaft Seal 
Piston Ring 
Shaft Sleeve O-Ring 
Volute Liner 
Packing 
Shaft Spacer 
Lantern Restrictor 
Seal Ring 
Volute Liner Seal 
Volute Liner Seal 
Gland Clamp Bolt 
Discharge Joint 
Grease Cup Adaptor 
Impeller 
Shaft Sleeve Spacer 
Impeller O-Ring 
Release Collar 
Lip Seal Gland 
Grease Nipple 
Impeller 

PUMP ASSEMBLY TOOLS LIST 

Basic Part Name 
Part 
Number 

Page 
Number 

V-10 
III-5 
V-1 

VI-1 
V-1 
V-1 
V-1 

VI-1 
VI-1 
VI-1 
V-1 
V-6 
V-6 

VI-1 

VI-6 

V-10 

VI-1 

Page 
Number 

WARMAN PATENTS 

To assure optimum performance of Warman pumps and to 
protect our customers from unknowledgeable, and hence 
dubious, attempts by others to produce apparent replace­
ment parts for Warman Pumps, the following is advised. 

Various Warman pump parts are patented under active 
U.S.A. patents. There are more Warman Pump patent 
applications are pending. Any attempt by others to produce 
pump parts which are patented by Warman will result in 
vigorous prosecution by Warman to the fullest extent that 
U.S.A. patent law allows. 

301 Piston Ring Compressor II-6 
302 Lifting Tube 
303 Locating Nut 
304 Volute Lifting Beam 
305 "C" Spanner ||-7 
306 Shaft Wrench VI-2 

II-5 
307 Lifting Plate 

VI-2 
II-5 

310 
311 

Stuffing Box and Expeller Ring Lifting Beam 
Shaft Lifting Nut 

V-3 
III-3 
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A 9>t\~7 j°\4~ V-TS P 2- <o/= 3 

ftBE 
INOUCTION MOTOR DATA SHEET 

application 

Bot. 
MOTOR manufacturer 

CUENT ^g"/K> C. 

PROJECT V O S A j * '  

s-n JOB NO. ^3^3.cra / 
item NO. E'.'s&S l^-'. 5SB 

CONOmONS of service 
ANO construction features 

no. reo'o-
S 

data supplied by motor manufacturer or biooejt 
NAMEPLATE M3 
VOLTS 

SYN SPEED I Boo PPM FRALC NO. iHT NEMA OESKJM 
4-6 o 

SEWAC; FACTOR 
PHASE KZ C> O MOTOR TEMPERATURE WtSE * e INSULATION CLASS 

MULTISPEED: 
TEMPERATLRS RISE SO'e LP AO 1/2 3/4 

• smgle VWONO 
EFRCCNCY 

•jWOWONl CURROJT M IBE 
V' I • variable Tofloue 

• CONSTANT TORQUE 
• CONSTANT HORSEPOWER POWER FACTOR 
• 1±± 8bt 

KVW LOSSES 
LOCATION: ALTTTLOe CiH FT OeSIQN MAJC. SfTETEMP. •c LOCKED-ROTOR TORQUE .O 

AREA CLASSFICAT*3N: BREAKDOWN TORQUE ?nr 
GROUP OIV13ION ALL-UP TORQUE 

OPERA TWO ATMOSPHERE LOCKED-ROTOR CURRENT 
ENCLOSURE: Q OPEN—ORRPO COP 
• FORCED VENTILATED 

•# 
• TENV LorafFn-ROTOR KVA COPE LETTER 

n— "JS£ 
• WEATHER PROTECTED 111 H M LRX * QOWCAL RESISTANT 
• EXW.OSION PROOF WITH "T" CODE MARkmQ 

LOCKED-ROTOR VUTTRSTAAO TIME SEC- (COLD! SEC. IHOT) 
SUCCESSIVE STARTUP LRRTATTONS 

• DUSTjCN. PROOF 
STAR Two CONSmONS: 
• LOaOED ~ 

R. SPEED fHfr HPM 

• UNLOADED 
FAN ROTATION: • UNOMECTIONAL • REVERSALS 
LOAOWKZ ls-ftI 

I PULL VOLTAGE • REDUCED VOLTAGE ROTOR Wic2 _LSJT2_ 
WMK*I STARTUP VOLTAGE. 

fjStAATTON: fpQ ENCAPSULA 
OF RATED .eg?- LOAD CAPABUTV WK 2 LB-FT* 

•ED • VPI • MFGRS.STANQARQ 

• CLOCKWISE 
SPACE HEATER WATTS mTA 

I ROTATION FACNQ DC OPR., DRIVE: MOTOR NET WBQKT \ 7 - \  LBS. 
• counterclockwise" MAX. ERECTION WEMHT \1-\ LBS. 

BEAfluOS: • ANTI FRICTION • SW-fT SLEEVE MAX. OVERALL FT.: L l~7.lt-" «w I3.H" « H  [ [ . & & '  
i GREASE UJB. • OLUJB. 

MOWTUQ: • HORIZONTAL • VERTICAL SOLO SHAFT 
ADomoNAL specification requirement* 

or remarks: 
• VERTICAL HOLLOW SHAFT ftgF! S/igC.. gs-l-'2--1 

DRIVE SYSTEM: Q DIRECT COUPLED Q OEAR LMT 

.SSjru/Wvj 
W /, C/TE &UH NT/ZAJ. i v belts • CHAM 

• HALF COUPLMQ PRESSED ON BY MOTOR S UPPUEP 
I Sheave PRgaSED ON BY MOT on SUPPLER I gj UPrgHMVol) 

zAsdape* 
ZSJZLL. 

ACCESSORY EQUIPMENT 
d BASE PLATE 
• COUPLMG HJRN. BY: 

SOLE PLATE BY: 

• space heater VOLTS PHASE 
• AJR FLTER3 • GUARD SCREENS 
_• STATOR WUOMQ TElAagRATWE DETECTORS "g 

• 120 t>N RTP. a PER PHASE. WIRED TO J.8. 
• TXRMOSTAT. I PER MOTOR. WWEP TO J.B. 

"T> — 

tT 

• cts for deferential protection ratio r-fi-CJ > 
—3 UJ 

• 120 ofm rtd. 1 per bcaRMOLWVIED to j.b a. an 
• tv€rmocolf>l£. 1 per bearno. WtREO to j.b 1-1 

• ssammq cl slmp> (waters is— 
• bearsski ve ration oetectors OC 
 ̂• sl«ge CAPAOTOfl mtd. m termnal box w _ 

a3 **3tor controller by motor supplier £ 0C 
PfEPMNAL box: t H 
• sttto for motor leads on.v -^5-v-
• OVERSLitu »-0« motor leads with stress •8-rvj 

£ o 
> * P. 

— u > 
_. U. Ul 
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g 3 « 
§|LURRY POT RECIRCULATION Pl§1^2 
§Q. NO.'S P-1350 (MDSl2543MM)g § 

P-1351 (MDS12544M£I)q s 
P-2350 (MDS12545M§0sSS 
P-2351 (MDS12546Hft)S|s 
P-3350 (MDS12547MM)"S5 
P-3351 (MDS12549MS) 

£ gd o 

o ui zi * »- OS • < OC L S Q 
2 g° 

s 
u_ 

• 

O 
O 

8 

o u  < <  

88 uu 

i^p fN = «» « 

P-4350 (MDS12549M^)|=; 
•J^oc 

W-A I ; •-aa 3( O — ujt-

III.1?,. 
P-4351 (MDS12550HJ|)J1 * 

O -Or-



DUTY MASTER ALTERNATING CURRENT MOTORS 
SQUIRREL-CAGE INDUCTION 

X/T CONSTRUCTION 
ENCLOSURE) TOTALLY ENCLOSED COOLING) FAN COOLED 
MOUNTING) FOOT 

FRAMES 180T THRU 210T § 

3/8-16UNC —/ 
GROUNO SCREW HOLE 
SUPPLIED ONLY WHEN 
REQUIRED 

STRNOARO FRW1ES HAVE 0 HOU 
OUAL nOUNTING RNO F-2 C0NV1 

LONG FRflnES HAVE 6 HOLES Fj 
nOUNTING. NOT SUITABLE FOR' 
CONVERSION 

FOR F2 nTG 
100/210 FRflflE ONLT 

tBor-Liaoi 
210T-L210T 

t€ICHT 
L85. I«l FW-FM fU(2) 

L2I0T 

r- <T> <7\ o 
TT ^ LO 
inmiom 
(N CN CN <N 
I-H r-H p-H rH 
CO CO W CO 
Q Q Q Q 
X X X X 

o •—i o •—I in ui in m 
CO CO CO CO 
CO CO ""T T 

I I I I 
CU CLi CU CU 

CO 
cu -—- •—- r-n 

cu co n" m co 
TT TT ir r}> 

2 m m m m 
O CN CM CN CN 
l—l rH rH rH rH 

CQ CO CO CO 
"J Q P Q 

X X X 

OS O rH O rH 
M m m in m 
O co co co <o 
DO rH rH CM CN 
OS I I i I 

Oi CU 0U CL 
EH 
O CO 
CU -

X O 
OS 2 
OS 
D • 
j A 
co w 

m 
m 
CO 

rH co 
2 O O 

CO O >H O O 
OS t—I o • 
u EH O CO u 
w < i M i n  O 
2 OS CO 2 
r—I O H C l  w 
O CU o OS 
2 OS o • u 
Id o • o Cu 

O CO 2 w 
2 m OS 
O u CO EH 
« X <7T U z 
X. Cu W 

• n 
o o o § 
I- • OS < 

w FJ Cu cu 

111 
121 
131 
i u I 

SPECIAL 01 (TENSIONS ON THIS LINE 

-tr ANO -Fir DRY v«rr -.oooo. -.oars 

*0" HAT VARY -.00. -.03 

nOTOR VCICHTS HAY VARY BY 152 
FOR NON-STANOARO RATINGS. 

STAN0AR0 DOUBLE SHAFT SUPPLIED ONLY 
NMEN SPECIFIED. 

TERntNR. BOX LOCATED ON OPPOSITE SIDE mEN F-2. U-I. 
M. US. U-7 OR C-l nOUNTING IS SPECIFIED. 

rvwinun PERnlSSIBLE 3«FY RUNOUT I*CN rEASURED AT 
E W  O F  S T A N O A R O  S H A F T  E X T E N S I O N  I S  . 0 0 2  T . I . R .  

IF nOUNTING CLEARANCE OETAILS ARE REQUIRED. CONSULT 
FACTORY. 

FRAnE-. L I B H T  . T£FC_~X.EX (SLVERE "DOTM > "PR.E.K111H 
gpn- * &£%£> ph- 3 HZ- U>C> ym TS 4loO 

TYPE 

RELIANCE n 
ELECTRICMO 

CLEVELANO. OHIO W117 U.S.A. 

*.ENGLISH 
R -L .BROWN 

orr, or G.nUBORN 
anil 12-lfl-BS 

DIMENSION 613051-501 
SHEET 
SHEET I OF 1 

ISSUE OATEt JULY 20.1986 

R R P  M V I C U  



ENGINEERING DATA 
TYPICAL PERFORMANCE DATA 

TENV<1) & TEFC 
SXE PLUS / XE • THREE-PHASE 

SUBMITTED FOR 
INFORMATION 

ONLY 
Full Amps 6 460V Torque (Ft-Lbs) Full _oad 

Synch Frame Load Full Locked Full Break Locked Nom. Power NEMA 
HP RPM Size RPM Load Rotor Load Down Rotor Eff. Factor Code 

3600 56 3450 0.42 4.1 0.40 1.81 1.00 77.0 74.4 N 
1/4 1800 56 1750 0.44 3.4 0.77 3.31 2.06 81.5 66.0 M 

1200 56 1140 0.43 2.1 1.15 2.63 1.63 78.5 68.4 J 

3600 56 3450 0.52 4.4 0.53 1.83 1.17 77.0 81.0 M 
1/3 1000 56 1750 0.53 4.3 1.00 4.13 2.88 82.5 68.2 N 

1200 56 1140 0.51 2.5 1.60 3.75 2.31 81.5 76.4 J 

3600 56 3450 0.71 5.1 0.76 2.29 1.46 80.0 83.8 K 
1/2 1800 56 1750 0.76 7.0 1.50 6.81 4.49 84.0 72.9 N 

1200 56 1140 0.80 4.6 2.29 6.38 4.19 84.0 70.1 J 

3600 56 3450 0.98 8.5 1.13 4.16 2.66 86.5 83.8 M 
3/4 1800 56 1750 1.1 9.5 2.26 7.13 6.63 86.5 77.5 M 

1200 56/143T 1140 1.3 6.4 3.49 9.50 6.08 84.0 66.0 J 

3600 56/143T 3450 1.2 10.5 1.54 5.00 3.33 87.5 88.4 L 
1800 56/143T 1750 1.3 11.5 3.03 16.3 11.6 86.5 81.0 L 

1 1200 56/145T 1140 2.0 13.0 4.57 17.0 12.5 84.0 57.0 J 
900 L182T 870 1.7 9.1 6.04 17.7 9.80 82.5 64.4 J 

3600 56/143T 3450 1.8 18.8 2.32 6.88 7.31 87.5 88.8 N 
1800 56/145T 1750 2.0 16.0 4.53 17.5 12.5 87.5 81.2 L 

1.5 1200 182T 1163 2.2. 15.5 6.77 23.0 14.6 86.5 75.2 K 
900 L184T 867 2.4 13.4 9.09 26.0 14.5 84.0 67.8 J 

3600 56/145T 3450 2.5 25.0 3.02 12.6 10.0 87.5 87.7 N 
1800 56/145T 1750 2.7 26.0 5.97 26.6 20.8 87.5 79.4 N 

2 1200 L184T 1163 2.8 20.0 9.03 30.5 20.0 87.5 76 2 J 

A 900 L213T 865 3.2 16.1 12.1 33.0 17.2 85.5 68.3 G 
p 3600 182T 3519 3.6 32.0 4.48 16.4 8.50 88.5 89.5 K 

1800 182T 1758 3.8 31.0 8.96 31.4 21.3 88.5 83.9 K 
3 1200 213T 1170 42 31.0 13.5 45.4 24.0 89.5 74.5 K 

900 L215T 861 4.7 24.3 18.3 49.2 28.3 85.5 70.3 H 

3600 184T 3494 6.0 45.0 7.52 23.6 13.1 88.5 90.2 J 
.. r L184T 1748 6.1 45.0 15.0 4J.o J 1.0 

5 1200 L215T 1167 6.8 46.0 22.5 69.0 38.0 89.5 77.0 J 
900 254T 883 72 46.0 29.7 95.0 48.0 89.5 72.5 J 
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E FOR INITIAL REVIEW •FOR REVIEW OF REVISION 

• W/COMMENT-RELEASED FOR FAB WITH COMMENT INCORP. 
FINAL REQUIRED 

• NO COMMENT-RELEASED FOR FAB-FINAL REQUIRED 

• NOT RELEASED FOR FAB - REVISE & RESUBMIT FOR 
REVIEW 

FINALrHD REJURtyREQ'D • FOR INFO-NO RETURN R^Q'D 
DATE B 

REVIEW DbE^ MT RELIEVE CONTRACTOR FROM RESPONSIBILITY 
FOR COMPLIANCE WITH THE CONTRACT DOCUMENTS. 

NUIbS: 
(1) 56 thru HOT frame performance data is valid for TENV or TEFC. 

180T and larger frame performance data is valid tor TEFC only. 

SLURRY POT RECIRCULATION PUMPS 
EQ. NO.'S P-1350 (MDS12543MM) 

P-1351 (MDS12544MM) 
P-2350 (MDS12545MM) 
P-2351 (MDS12546MM) 
P-3350 (MDS12547MM) 
P-3351 (MDS12549MM) 
P-4350 (MDS12549MM) 
P-4351 (MDS12550MM) 

RAYTHEON ENGINEERS |0RIG 
& CONSTRUCTORS 

PO NO 2001 
REQN OR TASK 2001 

PROJECT NO 9553001 
RECEIVED 10/06/94 

FILE NO 5 
TAG NO P-1350.1/2350.1/5550,1/4350.1 

RELIANCE** 
ELECTRIC mO 
B7-22 

This performance data is for standard designs and should be used for estimating purposes only. 
Actual ratings may vary slightly from this data. 



USER/LOCATION WEQiV _£WfiIN£ERS_ 
cust po q S f t a . o o s  aoo\ warm an co JESSS! date ^0-Ci*-5£--
MODEL ID. K032CEOO16355 DESC. ACCESSORY KIT 32C/184T/ZM CLASS 80 
******«*********•*******«*****#***********#******************#*****#******** 

NO. RECOMMENDED 
PER SPARES PER 

DESCRIPTION PART NO. UNIT WEIGHT OPER. UNIT 

DISCHARGE FLANGE 3/2 CAH ZDF 30MS 1 9.7 
INTAKE FLANGE 3/2 CAH ZIF 30MS 1 12.7 
ft************************************#**#******************#*************** 
MOTOR SUPPORT BOLT U/2 N C 066E62 4 2.2 
MOTOR SUPPORT "C" CV/BLA ZOH 71328 1 

1/4-20X1 — 1 /2''Hl-I BOLT.NUT U04H1-006VJ 4 .2 
BELTGUARD CU"C"HINGED 2- ZBG 64328 1 

3/8-16X2 "E<0LT,NUT4«SPR.WA U06H1-0O8VJ 4 .2 
MOTOR 5HP81S00/L184T PR. ZMT OC5XEX 1 

BELT WOODS AX56 VW AX56 2 
BUSHING WOODS SDS X 1 1/ VW SDS-1.125 1 1.5 
BUSHING WOODS SDS X 42MM VW SDS-42MM 1 1.5 
SHEAVE WOODS 4. 6PDXB2 VW 4.6PDXB2 1 
SHEAVE WOODS 6.8PDXB2 VW 6.8PDXB2 1 

10/14/94 **»** 

RAYTHEON ENGINEERS [ORTG] 
& CONSTRUCTORS 

PROJECT NO 9353001 
PO NO 2001 RECEIVED 10/24/94 
REQN OR TASK 2001 FILE NO 8 
TAG NO P-1350.1/2350.1/3350.1/4350,1 
SI FOR INITIAL REVIEW •FOR REVIEW OF REVISION 

• W/COMMENT-RELEASED FOR FAB WITH COMMENT INC0RP. 
FINAL REQUIRED 

• NO COMMENT-RELEASED FOR FAB-FINAL REQUIRED 

• NOT RELEASED FOR FAB - REVISE & RESUBMIT FOR 
REVIEW / 

ff] FINAL-NQ RETURN ILVb'D • FOR INFO-NO RETURN REC^D 
ffi-T/f-4=̂ DATE ILFZD CU-

REVIEW DOES NOV-^ELIEVE CONTRACTOR FROM RESPONSIBILITY 
FOR COMPLIANCE WITH THE CONTRACT DOCUMENTS. 



37.00 
36,80 

Q* 

METRIC INCHES 

3 0.12 
6 0.24 
IO 0.39 
12. OO .4724 
11.96 .4709 
19 0.75 
2S 0.98 
32 1.26 
3700 1.4567 
36.80 1.4488 

42.02 1.6543 
42.00 1.6535 
48 1.89 
31 2.01 
70 2.76 
76 2.99 
I I I  4.37 
121 4.76 
138 5.43 
146 5.75 
151 5.94 
175 6.89 
178 7.01 
184 7.24 
210 8.27 
216 8 5 0  
233 9.17 
238 S.37 
241 9.49 
254 10.00 
356 14.02 
406 1 5.98 
7 6 8  30.2 4 

CO 
or 
o 
CO CO rn 

RUBBER JOINTS WERE UNCOMPRESSED 
AOOED 178 CLEARANCE DIM. 

2: 

L*Q 

A J 6 

I-. 'S #J 
MATT. LOT 

W. MC. LOT 

ILH CXKSOM AVtNUt. A«TA»MOW NflV SOLUM WALti. AUSTRALIA 

WARM AM SERIES PUMP 
TYPE 3 / 2  C-AH 

PI I TI IMP niMPKJ^inNP 
M E T R I C  CSY5299/ 

175 CRS. 

RAYTHEON ENGINEERS |0R IG | 
& CONSTRUCTORS PROJECT NO 935 
PO NO 2001 RECEIVED 10/06/^4 
REQN OR TASK 2001 FILE NO _ 

CLEARANCE 
REQUIRED FOR PUMP 
DISMANTLING. 

3 RUBBER LINED * 

6 METAL LINED 

DISCHARGE FLANGE 

184 O.D. x 51 ID. 

4 HOLES 0 19 

ON 146 PCD. 
NOTE — 

SUBMITTED FOR 
INFORMATION xm REVIEW OF REVISION 

ITH COMMENT INCORP. 
13 FOR INITIAL REVIE 

• U/COMMENT-RELEAS 
• No"5fiMES?-RE?iASED FOR FAB-FINAL REQUIRED 

• NOT RELEASED FOR FAB - REVISE & RESUBMIT FOR 

INALS rtTUri/REQ'D • FOR INFO-NO RETU^Rp'^ 

REVIEW DbFS HOT RELIEVE CONTRACTOR FROM RESPONSIBILITY 
FOR rnMPLIANCE WITH THE CONTRACT DOCUMENTS. 

SLURRY POT RECIRCULATION PUMPS 
EQ. NO.'S P-1350 (MDS12543MM) 

P-1351 (MDS12544MM) 
P-2350 (MDS12545MM) 
P-2351 (MDS12546MM) 
P-3350 (MDS12547MM) 
P-3351 (MDS12549MM) 
P-4350 (MDS12549MM) 
P-4351 (MDS12550MM) 

WASTE SLURRY TRANSFER PUMPS 
EQ. NO.'S P-3700-A (MDS12551MM) 

P-3700-B (MDS12552MM) 

I.DIMENSIONS SHOWN THUS -^r INCLUDES COMPRESSION 

OF WARMAN RUBBER JOINT 

2. FL'MP DISCHARGE CAN BE ORIENTATED IN ANY ONE 

OF EIGHT POSITIONS AT 45* INTERVALS 

RAYTHEON ENGINEERS 
c/o FMC CORPORATION . 
P.O. 9353.001 2001 
PROJECT NO. 9353.001 
WARMAN REFERENCE C06355 

0 19 

4 HOLES 0 19 

ON 178 PCD. 

H Q. BOLT HOLES 

INTAKE FLANGE 



S f  

$\ 

SUBMITTED FOR 
INFORMATION 

ONLY 

SLURRY POT RECIRCULATION PUMPS 
EQ. NO.'S P-1350 (MDS12543MM) 

P-1351 (MDS12544MM) 
P-2350 (MDS12545MM) 
P-2351 (MDS12546MM) 
P-3350 (MDS12547MM) 
P-3351 (MDS12549MM) 
P-4350 (MDS12549MM) 
P-4351 (MDS12550MM) 

DESCRIPTION PART N9 — n BCAMC ASSDCur < REF ORG A1-104755 1 C005M 

7 rr CLAW WASICR con 
J 4 CLAW BOJ MT0H1-IT0CN | C017M 

4 1 SEAL °*FT C177 
s 1 VOLUTE FRAM SEAL AITS 

4 1 WCLLER 1 AS SELECTED 1 
7 1 asouez JCKT C7T37L 1 1 VOLUTE LECH C2TVNA 

1 1 COVER PLATE C7013 

X 1 MTAAE jam C7040 

11 1 AOJUSTNG SCREW-3 MUTS-7 UA9ZRS COOTL 

c 1 BASE C003M 

13 3 FRATZ PLATE STUD-7 NUTS C039M 

14 WAFT SLEEVE COTS 
IS 7 I S V T F T  S L E E V E  0 '  R T C  :4T47N134 CU9 

14 1 FRAME PLATE LMER OCSERT C704SU 
17 1 FRAK PLATE C70 37 

11 1 1 WCLLER "0' RMC 3S'MN773 an 
1« 4 COVER PLATE BOLT-? NUTS C0T5M 
70 1 NAME PLATE B4 
71 4 1 NAME PLATE RIVET ILP/0474BS | 

77 
73 
74 
75 _ 1 

A AMI SEAL OUR 
74 1 GLAND 17 PCAI _ C044 
77 GLAJG BOLT -1 NUT -1 WASHER 

1 
CD45M a 1 LANTERN RESTRTTOR CI* 

n 1 STUFFING BOX CO* 
30 7 1 GLAAO CLAMP BOLT H8H1-40SN Ct74M 

31 4 FMXMG C111 
37 1 SHAFT STALER cm 
33 
34 
35 
34 
37 

RAYTHEON ENGINEERS |OR IG 
& CONSTRUCTORS 

PO NO 2001 
PROJECT NO 9353001 

REQN OR TASK 2001 
RECEIVED 10/06/94 

FILE NO 7 

REVIEW tlofis NOT RELIEVE CONTRACTOR FROM RE 
FOR COMPLIANCE WITH THE CONTRACT DOCUMENTS. 

TAG NO P-1350•1/2350,1/3350•1/4350,1 
B FOR INITIAL REVIEW •FOR REVIEW OF REVISION 

• W/COMMENT-RELEASED FOR FAB WITH COMMENT INCORP. 
FINAL REQUIRED 

• NO COMMENT-RELEASED FOR FAB-FINAL REQUIRED 

• NOT RELEASED FOR FAB - REVISE & RESUBMIT FOR 

^ FINALES) R^URN^REQ'D • FOR INFO-NO 

SIBILITY 

RAYTHEON ENGINEERS 
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P.O. 9353.001 2001 
PROJECT NO. 9353.001 
WARMAN REFERENCE C06355 

C 

I* 

l! 

c 

2-

7 Mr C7H7 ur-

•reus 77.si were mwsi -losc 
REDRAWN 

R E V I S I O N S  

DBG SAK 
JV 4U» 

BY DATE| 

CHECK 

OflK LMQ 
4.1100 

SCALE 

WARMAN PI IMP 
3/2 C-AH HFTAL LINED 
COMPONENTS DIAGRAM 

WARMAN INTERNATIONAL LTP.|A1_ 11Q -0-10290S 
OFFICE OF OWKUN . SrOK T 



SUBMITTED FOR 
INFORMATION 

ONLY 

ITEM 

10 

11 

12 

13 

14 

15 

16 

17 

aTYl 

1 

DESCRIPTION 
LABYRINTH LOCKNUT 

END COVER 

GREASE NIPPLE 

PLUG 

NAMEPLATE RIVET TLP/0424BS 

NAMEPLATE S32 

GREASE RETAINER 

BEARING HOUSING 

BEARING 

GREASE CAP 

LABYRINTH 

SHAFT 

SHAFT KEY 

SHIM SET 

PISTON RING 

END COVER SET SCREV' M10H2-25Z 

BEARING SEAL 

PART Na 
C061 

C024-10 

UF4L73-Z 

WP4P1-E 

CO 4 6 

C004M 

C009 

A36S 

C062-10 

C073M 

C070M 

C02S 

C108 

BQ27M 

C089-10 

RAYTHEON ENGINEERS |0R IG | 
& CONSTRUCTORS 

0 PBOWLLSEND OPSWTONS UMTTED aa2_ PSOWMiSBO OPERATIONS UMTO) to tie nmr of tie copyright Mbetodng to Me (taring aid twee Oman. 
«nd intonjcbone They muri oa beueed. lepnoduoedof copied tonhoto or In perl. In my termor by eny ninene, nor MWf tie KUIIIIUII tieioto corfned. 

•Mch It confident ki PENOWAUSEND OPERATIONS LUSTED end Ito rotated compeny VWRMANWTERNATCMAL Ua be dtodoeed to m Dereon. wthoul ft* orior 
wn̂  c»n̂  o< pea>w*LLse« opewnoNs UMrren 
The dr»ring hee been detared end leeefced on ta eiqweei oondttone tat» rriey be ueed only tar the ipedtc purpoee tor which «mAled, n» not be ueed 
in eny My which mey Injure or eeuee bet dlrecty or todiecty • PSOWMXSENO OPERATIONS UMTTED or WRMAN WTERNITONAL UD cf n eM cotpomton 

ted to WtRMAN INTERNATIONAL110 tomdbtafy on comptadon of toe leak tor wftcfi I hee been prowtoed. or on denwd. t* either company and wfll be returned t 

SLURRY POT RECIRCULATION PUMPS 
EQ. NO.'S P-1350 (MDS12543MM) 

P-1351 (MDS12544MM) 
P-2350 (MDS12545MM) 
P-2351 (MDS12546MM) 
P-3350 (MDS12547MM) 
P-3351 (MDS12549MM) 
P-4350 (MDS12549MM) 
P-4351 (MDS12550MM) 

WASTE SLURRY TRANSFER PUMPS 
EQ. NO.'S P-3700-A (MDS12551MM) 

P-3700-B (MDS12552MM) 

P0 NO 2001 
REQN OR TASK 2001 
TAG NO ALL 

PROJECT NO 935300 
RECEIVED 10/06/94 

FILE NO 17. 

I nu NU hll 

0 FOR INITIAL REVIEW • FOR REVIEW OF REV1S ON 

• W/COMMENT-RELEASED FOR fAB WITH COMMENT INCC 

D NO'COMMENT^RELIASED FOR FAB-FINAL REQUIRED 

• NOT RELEASED FOR FAB - REVISE & RESUBMIT FOF 

-  a m , Z n jl5 

s'Mii'ja'f!!! agi°aa»"i. 
ONS 
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No. 
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APPENDIX 6 
SLURRY POT SYSTEM DRAWINGS 



FURNACE #4 SLURRY POT TANK SYSTEM 
FIRST AND SECOND PASS SLURRY POTS 
DESIGN ASSESSMENT AND CERTIFICATION 

V-4213 & V-4214 

APPENDIX 6 SLURRY POT SYSTEM DRAWINGS 

P&IDs 
398245 - First Pass Slurry Pot, No 4 Furnace, Rev 8 
399459 - Second Pass Shiny Pot, No. 4 Furnace, Rev. 5 

SLURRY POT DRAWINGS 
395613 - Details 1st Pass Slurry Tank No. 4 Furnace (East), Rev 4 
395614 - Details 2nd Pass Slurry Tank No. 4 Furnace (West), Rev 3 
398322 - Details Precipitator Slurry Tanks, Rev 0 

PIPING DRAWINGS 
398266 - Piping Plan Furnace #4 1* /2nd Pass Slurry Pots, Rev 5 
398276 - Piping Misc. Details & Sections Furnace Area, Rev 0 

PHOSPHOROUS CHEMICAL DIVISION 
FMC CORPORATION 

A-7 Sept-99 



srp 
P-F 4-399459-1 

roc 
P-F4-39338*-! < 

IOM 1ST PASS PPH 
-( 6'-FQG-43120MX> ,421-33, ,42133^42133, 

XX 
P-r«-393364-1 
1ST PASS PPTP 

f p j  \  

,42090, 
AM 

P-f4-399459-1 -(0 75'-AIN-4Xft H-XX> 
FROM PPTR 
SCREW 
C.-4211 
(393384) 

44310. 
44318, KY 

44316, r KY A 

44315, 
4 2090, XX 

P-fR- 398246-1 
OT > 

42133, .44310, 44 310, 
rev > 

44315, 
42150, rev 

44316, 
XX 

P-T4-399459 DE ^ 
42133, HS > 

.42150, -C f-LMS-4510 4132> 

DX ' 

42133, 
XX 

P-rx-399459-1 -( 3'-PSL-<3300»-XX> 
42150, IT 1 

42130, 
I/2VA. 

OVERELOW 42133, 42133, AE > 

44313, 

AT A 

44313, 
AE 

44312, 

r AT ^ 

44312, 44313, sow 
P-PN-398241-l 
FROM FK.L WATER 

44313, 

' HS > 

,43500, 
PWC 

P-F4-399439 -( r-PWC-43261VXX> ,44312, 

3"VN-3l I N - * 

T-H f1—C 3'-PSL-433008-XX> 

44312, 

,43500, r LCV > 

,42130, 

r EL > 

,44318, .43500, 
< 3'-PSl-43J001-XX> 

MCW 
P-f4-399439-1 < f-HCW-432601-XX> 

PSL 
P-r«-399459-1 

CO 73'-AIN-430316-XX> 
f-STP-3413 KhXx)-

P«C 
P-F4-399439-1 < f-PWC-432410-XX> 

-C f-IWW-4340 18-XX> SOW 
P-PN-398241-l 

IOM SOW BlOWOQX 

P-M-399439-l 
KY i 

,44318, r KY ' 

,44317, .42130, 
r rev> 

,42130, 
,42130, NCL 

P-F4-399459-1 r LT ' 

,42130, 
<0 2S'-NGL-4317 01-XX>-CX1-

r HS 

.42170, 
NCL 

P-m-300474-l 
FCV ̂  

,42130, 
,42130, r EL > 

,44317, ,42170, 1/2\Cl-04v PSL 
P-F4- 399*39-1 -f—3^SL-mOQ3-XX> 

,42130, 

SEAL POT 
REPLACES 

rev A 

,44317, 
LSHH 

,42130, PSL 
P-FR-395033-1 V-44QQ 

PWC 
P-F 4-399459-t < f-PWC-437»0»-XX> 

,42130, 

NOTES: 

1. USE FIVE DIAMETER PIPE BENOS FOR ALL 
SLURRY PIPING 

2 PUMP DOWN AFTER TIMEOUT WITH ALARM 

3 VALVE NOT APPROVED FOR OPEN END 
SHUTOFF 

4 DRAINS TO SUMP V- 4400 

,42130, 

REV1SE0 FOR JOB NO 96096 088. POG 
8/5/98 ISSUED FOR Ml PROJECT 9612042 

,42130, 42131 PREVIOUS REVISION DATA ON FROZEN LAYER 'H ORE V' 

PHOSPHORUS CHEMICAL DIVISION 
R U E  C O W M W A O O N  

POCATEllO. IQAMQ ODCflOiHra) 
VUUUVb POCATULO. I0AHO 

PAID COPY FROM "PFD PID 
RELEASE" VAULT ISSUED 
FOR REFERENCE ONLY 
TO P.OG PROJ /REAC/LCF 
10/2T/98 BY JCF 

DRAW! NO STATUS 1ST PASS SLURRY POT 
STATUS 

NO. 4 FURNACE 
0 L 8/5/9A 

NONE P-4JSO 
FURNACE #4 1ST PASS SLURRY RECIRCULATION PUMP 

100 GPM O 20 PSiG 
5 HP XXX V 

MATERIAL OF CONSTRUCTION XXX 

P-421 7 
FURNACE f4 1ST PASS WASTE SLURRY PUMP 

30 GPM O 90 PSIG 
15 HP XXX V 

MATERIAL OF CONSTRUCTION XXX 398245 

i i 
MX-421 5 
AGITATOR 

XX HP XXX V 
MATERIAL OF CONSTRUCTION: 

(A-4215) V —4 213 
FURNACE #4 1ST PASS SLURRY POT 

XXX GAL /. XXX CU FT / XXX IN DlA a XXX FT. LONG 
XXX PSIG • XXX T 

INSULATION: XXX 
MATERIAL OF CONSTRUCTION: XXX 



FOG 
P-T4-J9J384-I 
2NO PASS PPTR 

6'-FOG-OI2.1Q-XX> 

^42143, y+2143, ^42143, 
C0 7S'-AIN~006.I4-XX> -C0.75'-AIN-»30115-Xy> 

r PT > 
,42100, P-F4-393364-1 

:XIST. 2ND PASS PPT t 
r KY > 
,44326, ,44320. 

FROM PPTR 
SCREW 
C-4212 
(393384) 

f FIT > 
,44328, ^44328, ,44328, AJN 

P-F4-393390-1 r FCV > 
,44326, 

f-AIN-4305 IT-XX) ,44320, ,44320, 

,2°uj-~kiu>kLJ 'to 
f-LMS-4510 4K32> ,44328, 

.42143, 

,42160, 
LY > 

,42140, 
OE > 

,42143, 
' HS > 
,42160, 

PIT 
44321. DX > 

,42143, 1.5'-IWW-l34a27-XX> 
,42160. < 3"-PSL-433Q.I1-XX> l/2%a-04V 

s42143^j ' ̂2U3^O/a OVERaOW f AT > 
,44323. 

f AT N 

,44322, f-SOW-4331 oTotX)- ,44323, ,44323, ,44323, ,44322, 

r HS A 
,43510, 1"-HCW-3427.17-XX)-

lVC-03 3/4\8-32 
,43510, 

1/2VCL-04 STP 
P-F4- 398245-1 < 3'-PSL-4330lQ-XX> 1VC-03 <Q.75'-STIM33H9-X)0-

PSL 
P-F4-308245-1 ,43510, { 3'-PSL-433Q07-XX> 

< 3'-PSL-433a03-XX> 

STEAM PURGE 
OVERaOW 

( f-PWC-4326.l2-XX> 

l\C-01 
f EL N 
,44328, 

—1X3—{ 2"-PSL-4330i12-1 
MOTE 5 — 

f FCV N 
,44328, < 3*-PSL-3429.12-3 r KY ^ 

,44327, 
STEAM PURGE HS 

,42180- ,42180. 1/2VCL-04T Fl ^ 

—WJTto 
3"-PSL-43J0.04-XX) 

SEAL POT . 
REPLACES—^ 

r KY N 
,44328, -( f-PWC-432H4-XX> P-F4-398245H ( T*-PWC-432fc»-XX)—' 00" 

P-F4-398245-1 (- ( f-IWW-434GI»-XX>—[ 
ro 1ST pass mixerX 

PSL 
P-PO-399398-I 
TO WASTE SLURRY. 

HW-HrhCX3-
COLLECTtON 
TANK V-3700 

FCV > 
,44327, 

,44327, 

3*-PSL-3017.07-X) ,42140. 
r FCV y 

,42140, 
,42140, 

f LT > 
,42140, NO. 

P-F4-398245-1 -(0 25'-NCL-4317.(tt-XXHx3-(Q.75'-NGL-43I703-XX> 

r> 4S1Q* 
aRNACE #4 2ND PASS WASTE SLURRY PUMP 

XXX CPM O XXX FT TDH 
XX HP XXX V 

MATERIAL OF CONSTRUCTION: XXX 

FCV > 
,42140, 

arLLJUVa POCATELLO, IOAHO 

P&ID COPY FROM "PFD PID 
RELEASE" VAULT. ISSUED 
FOR REFERENCE ONLY 
TO P.O.G. PROJ /RE&C/LGF 
10/21/98 BY JCF 

,42140. REV1SE0 PCR PROJECT YIllOW OFF 
FURNACE #4 2ND PASS SLURRY RECIRCULATION PUMP 

XXX CPM O XXX FT TDH 
XX HP XXX V 

MATERIAL OF CONSTRUCTION: XXX 

REVISED FOR JOB NO. 96096.088, POG 
8/5/98 ISSUED FOR M l, PROJECT 9612042 ,42140. 
DREV PREVIOUS REVISION DATA ON FROZEN LAYER 'H 

LSHH 
,42140, 

PHOSPHORUS CHEMICAL DIVISION 
r y e  C O R P O R A T I O N  

POCATELLO. IDAHO CtogXiiKni] 

DRAWING STATUS REVISION APPROVAL RECORO 2ND PASS SLURRY POT USE FIVE DIAMETER PIPE BENDS 
FOR ALL SLURRY PIPING. 
PUMP DOWN AFTER TIMEOUT WfTH ALARM. 
VALVE NOT APPROVED FOR 
OPEN END SHUTOFF. 
DRAINS TO SUMP V-4400 
VALVE AND STEAMOUT LOCATED ABOVE 
CONTAINMENT PAN ON WASTE WATER HEADER. 

STATUS ISSUE 

(sw-99 
42140, 

NO.4 FURNACE 
PJS 3/5/98 

42140, 

399459 
I K339459 DWG 

I  I  

(A-4216) MX -4210 
AC! T A TOR 

XX HP XXX V 
MATERIAL OF CONSTRUCTION: XXX 

V-421 4. 
aRNACE #4 2ND PASS SLURRY POT 

XXX GAL / XXX CU.FT. / XXX IN. DIA. * XXX FT. LONG 
XXX PSIG O XXX T 

INSULATION: XXX 
MATERIAL OF CONSTRUCTION: XXX 
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*«• -CL£S DRILLED -OR MTG MLR £Y 3LMP 
NO *£: VU* SHIVIMINC 
S 'ECU RED -OR 

UP 

. 3LJRRV 

uP°ER SEAM L.NE 

VC.X. 
NO'S 3 ;c- j NOT APO'.T 
JER 'EVS.CN 2 

*C NEA> NC2ZL£; 

4»-"5C# SLP-ON "LANCE * -
>LS STRADDLE f.) 

NOZZLE 3C.--.D -30 

5C4 » " -V ' SL.P-:N -".C. — ^LS S'RAOCLE 2 \ 
**-JCCC# DP'.C 

,^L 

3,.A *E *' X J'A'L 

TYP CONNECTION WELD DETAIL 
PROBE NOZZLE NS/= /4 "/F 

-;'-:W 

E - E 

a 3 7 / S£AL 
J>*/ \~VP 

3# SCHEO 90 A'PE T J V  PROJ. >, =« ^ 

& DETAIL 2 
.NO SCALE NOT: 

NOTE 6 ooes NOT APPLY *O NEW NOZZLES 

B - 0 

BEVEL ENO OF NOZZLE -
k "CIO 3A;NT BACK 
2* -ROM 3EV. SURFACE 
(FOR F-ELO WELD) '' - 5 

SLURRY "A.N* 
SPELL 

-y* icco# CPU 

OUTSIOE/-ANK 13V>| F/F 

- 2"» SCH ao A'PE AS"M 
A5J -VOC S OR. 9 #/2"L 
R.F. SO. FLO AS"M A*05 
'DRILL "AN* 2*») 

2* X 7 V2*-!50# IF  US.  REDLCNC 
r,.0 AS"M A105 (NOT '2) 

EL R-9 

3"» SCH '60 P'PE ASTVI 
- A SO TYPE S CR. A W/R« 

/A R.F. S.O. FLG AS^ A:05 
(DRILL rANK J t/2"») 

SEE DWG 31C33 "OR MANHOLE -ART \C.J 

NOTES: 

? H « J COLLAR 
PLAN VIEW V—4213 

-1A« EX. STR. PIPE 
(V* ThK. WALL) 
'V5N JCCO# CPLG 

6*-150# R.F SL:P-
FLANGE 

"! -! 

^4 

A- !OCC4 

« C L _ £ D  »  *  •  

EL r - 9  

EL 7" -1V4 

'LA "E W -U 

W 

A 

#• 

F 

PLAN VIEW 

_L 

1VM 30C0# CPLG 
—« * K 3 COLLAR 

• ROLLED ? * 

If 

J 

\ JETA 

ALL WELDS k WELDING INSPECTION SHALL BE IN ACCORDANCE 
WITH ASJUE BOILER k PRESSURE VESSEL COOE SECTIONS S * 9. 
TANK TO BE PRESSURE CHECKED FOR LEAKS AT 10 PS1G. 
ALL STEEL TO BE ASTM A516 CR 7a WITH THE FOLLOWING 
EXCEPTIONS: 

STRL - TO BE ASTVI A38 (NOTED M.S.) 
PIPE - TO BE ASTM A5J GR B TYPE E OR S. 
STANDARD FLANGES - TO BE ASTVI A105 FORGED STL ANSI B16.5. 
COUPUNGS - TO BE 3000# FORGED STL ASTVI A105 CR 2. 

PAINT OUTSIDE SURFACES WITH 1 SHOP COAT SHERVWN-WILLIAMS 
KROMIX METAL PRIMER B50N2. 3 MILS DRY FILM THK. * 1 FINISH 
COAT SHERWIN-WILUAMS ENAMEL B54—OSHA SAFETY YELLOW 2 
MILS ORY FILM THICKNESS. SURFACE PREP. PER FMC SPECIFICATION 
ES-1-2-8. 
ALL SUP ON FLANGES TO BE WELDEO BOTH OJDES 
ALL NOZZLES ANO PENETRATIONS SHALL BE SEAL WELDED ON 
INSIDE OF VESSEL 
FABRICATOR TO PROVIDE NAME PLATE STAMPED k ATTACHED ON 
VESSEL WITH FABRICATORS NAME. DATE k PURCHASE ORDER 
NUMBEft. 
ALL FLUSH CONNECTIONS SHALL BE IN ACCORDANCE WITH THE 

IYP CONNECTION WELD DETAIL*. 
FOR NOZZLE CONNECTIONS WITH INTERNAL PROJECTIONS - SEE 
DETAIL 2. 
ALL WELDS FOR NEW CONNECTIONS WILL BE MADE USING THE 
GTAW PROCESS. 
SHELL OPENINGS FOR NEW CONNECTIONS 3"# ANO SMALLER WILL 
BE DRILLED TO MATCH THE BORE OF THE CONNECTION. LARCER THAN 
3% MAY BE FLAME CUT. CARE IS TO 8E TAKEN TO INSURE 
CUT-OUTS DO NOT FALL INSIDE OF THE VESSEL 
FIELD TO CUT/REMOVE EXISTING 2*-150J RF S.(L FLG W/T PTE I 3/4* 
FROM FACE OF 3 FLANGE. THEN WELDT TO 2-150# ftF W.N. REDUONC 
FLANGE TO EXISTING 2 PIPE. 
THIS REVISION FOR THE ADDITION OF TWO NOZZLES ONLY. THE REVISED 
LOCATION AND SIZE OF PUMP SUPPORT WLL BE ISSUED LATER. 

\ 

3ccc# 

'z* SCHE3 »0 3 p£v '/":i 
-PUMP SUPPORT PLATFORM X*5C# . 3L.P- > ~'..TY;£ 

(SEE OWC. 398322 FOR DETAILS)) 

& 

c - c 
— x 

2-PLC3) 
rvp^JiiZV-

"I 

ELEVATION - SI LJRRY TANK 

SCW 90 J'PE AJ'M \5J -VOR S 
M 3 N/4'* '5C# EC - _G 
\S:M VOS (:R.L- I!A'*) 

X-ASME R ANGED .LC JTSHED "FAD 
9'-0 0.3. « A *HK N/'ZOK -MOWN 
?AO:LS. 9* 4NUCXI.E 9ADH.S AND 
?;*' -"'.ANGE ("CP k 3CT-CM) 

YDIL 
TIS ^CVniCJH :*A3 3CD» PVEPWta . N <EL>NC£ UPON "X ACCUVCY *M) VOCOWCT V TX SLiajtCT 3RA*»NC WVKXTT HOCPCNOEXT WW, ANN-TSS ON VTWXUTK3N 9T 'UrTXON. "MTTXON 

/COCXAiWS ANT UA8XJTY -VCfO UPON on •n>rin ro rx kxmiact on AOCOI>CT y x: SLiJtrr ONMMNO OTXN mM TX NT0NIMT10N PNESOfTtO N *e*S«N • . 

BITHELL ENGINEERING INC. 
BE 041J4 I PLOT SCALE: I = 12 

REVISION APPROVAL RECORD 
I atviwro VWVOl »TI 

»"PCTV*A OtCTTOA '/"AC 
AflORTTECTUNM. 

CTL Tŝ l KST N CONTNCM. Z*jf 

ax wewNi —. 

DRAWING STATUS 
r yy DATE SDE PEM 

Ss CTL crv 

AOOED PUMP PLATFORM. DELETED SECTION 0 
ALL NOZZLE REVISIONS FOR NOSAP PROJECT 10/24/94 
ALL REVISED FOR NON-HA2AROOUS SLURRY 02/15/94 9J 

ASSURANCE PILOT C94-06 
REMOVED STTFFENER (AS BUILT) 10/1/92 

CWkTC 
RIB AES 

PHOSPHORUS CHEMICAL DIVISION 
FMC CORPORATION cfBffflfS 

POCATFLLO, IDAHO TJ^UJU'O 

NOTRENCC ORAKNNCS DETAILS _ 

39<9<g(ARR SLURRY TANK SUP 
39«95dARR SLURRY VENT 

1ST PASS SLURRY TANK 
NO. 4 FURNACE /EAST) 

1992 REHAB 
39702(GEN ARR SLURRY TANKS PHOSPHORUS DEPT. 

CHEMICAL >VSlON 
V>WO»fP *Q «/»/W 

A/**MU •/»/*! 

595613 





( 4 )  '*«*• HOLES FOR H*4«5" 
A JO7 BOLTS W/BEVEL A A SHEWS 
ANO OOU0LE NUTS 

1T_ 

. ! 3 I * 

CMa16a2*-0" 

{ PUMP 

A  1  -  > i  
{ PUMP 

is 

{ PUMP 

is 
i  

i  r  r | l  1 1  i  r  

* -

[FIELD CUT H"f TO 
I FIT TANK CURVATURE 

SECTION G (°,MENS1CNS ArtE 
2 SICES 

PLAN VIEW 
TYPICAL :N BOTH SECTIONS) 

7 V 8* 

cfcn.a 

K 

C *H»ia»2'-2' 

PLAN VIEW 

l^4±^==l_ 

, no (•> 
—2 ^— I ART TTT 

HOLES FOR H"#*5" 
AJ07 BOLTS W/BEVEL WASHERS 

ANO DOUBLE NUTS 

SEAM 

HEAD TANGENT LNE" 

HELD CUT H I TO 
FIT TANK CURVATURE 

SECTION F 
*• •/ i-j 

OpPTir iM W (DIMENSIONS ARE 
JLV> I I WIN—Q prp,CAL ,N 30TH SECTIONS) 

V—321J 1ST PASS SLURRY TANK 
NO. 3 FURNACE (WEST) 

PUMP SUPPORT PLATFORM 

(SEE DWC. NO. 3S4914 FOR TANK OUC.) 
(SEE ORG. NO. 398204 FOR PIPING PON) 

SXl/l—3 2 sees 

(4) »*•"# MOLES FOR H 
AJ07 BOLTS W/BEVEL WASHERS 
ANO DOUBLE NUTS 

SECTION J (DIMENSIONS ARE 
J L .W  11 W I N  u rrPirAi I N  R O T H  

PLAN VIFW 

T-rPICJU. IN 80 TH SECTIONS) 

10* 

• FIELD CUT It t TO 
FIT TANK CURVATURE 

•>*̂T 

SECTION I 
Ma 1/ 1-3 W 

RPPTIRIN X (OIUENSONS ARE 
JC.UV I IVJIN Q rrP'CAL IN 9QTU SECTIONS) 

V—4214 2ND PASS SLURRY TANK 
NO. 4 FURNACE (WEST) 

PUMP SUPPORT PLATFORM 

(SEE DOC. NO. 395814 FOR TANK OKC.) 
(SEE a ML NO. 398288 FOR PIPING PLAN) 

SECTION A 

FIELD TRIM W10 
FLANGE TO FIT VESSEL 
CURVATURE (TYP.) 

r-7W 

STVFENER C * X 21% 
(MS * FS) 

Ma V1- 3 

^fption r OC.W I I yiN—w ARE TYPICAL IN SECTIONS C * B) 

V—4213 1ST PASS SLURRY TANK 
NO. 4 FURNACE (EAST) 

PUMP SUPPORT PLATFORM 
(SEE DWG. NO. 395613 FOR TANK DWG.) 
(SEE DWG. NO. 396266 FOR FIRING PLAN) 

TANK WALL 

SECTION" E 

. STFFENER MX2H 
(NS * FS) 

^r rT lDM R (DIMENSIONS * «€LDS 
OCW I I U l N —• Aflg TYPICAL IN SECTIONS CUB) 

NOTES: 
1. STRUCTURAL STEEL SHAPES ANO PLATES SHALL CONFORM TO ASTM A-36 
2. WELDING ELECTROOES SHALL BE E70XX PER AWS A5.1 OR A3.3. 
3. STRUCTURAL STEEL SHALL BE SHOP PWMED ANO SHOP PAINTED WITH 

FIELD TOUCH-UP BY ERECTOR. 

REVISION APPROVAL RECORD REV 

JOOHJ* «VWD 

1/30/95 

1/30/15 

BTH 1/31/15 

•srcOCisaiD 

DRAWING STATUS 

FOR CLIENT 
APPROVAL 

cowmjctw 

DATE 

1/38^8 

^5 

SDE 

CTL 

CTL CTL 

PHOSPHORUS CHEMICAL DIVISION 
FMc cawano. cT3TMV2 POCATTLLQ. IDAHO LrLLiJxD 

SLURRY TV* XTALS 

SLURRY TH*K OETALS 
SLURRY .W4K XTAJLS 

sre W - N ',-«H 

DETAILS 
PRECIPITATOR SLURRY TANKS" 

PHOSPHORUS DEPT. 

r 
• OR'KJWUI A«FWOI -YVRMX 

398322 





i i  %,-r̂  ' 

-VALVE NOT APPROVED 
FOR OPEN ENO SERVICE 

DETAIL - "A" 
RECIRCULATION LOOP 

T Y PICA L  F O R  F C E  f t .  2  i t  3  
SEE BELOW FOR FCE #4 

, Nl>#i 
<$> TF 

£f. F'' X 

4T& 
T* 

DETAIL - "B" 
MIXING STATION 

j/r TUBE TO 
1/4* PIPE ADAPTER 

ADD NEW FLOW 
INDICATOR 

DOLE FLOW CONTROL 
VALVE SUPPUED WITH 
INDICATOR 

J/8" TUBE TO 1/4" PIPE ADAPTER 

/" 
J/4" -CW—X019-XX-04 

1/r UNION 

DETAIL - "C" 
TYPICAL SEAL R-USH 
RECIRCULATION PUMP 

V 
J/4' CUY WATER 

1/ra.oaE-
VALVE (EXIST.) 

—1 . 

ITEM • CO (0 CO CO (0 CO (0 (0 (0 © © © © © © © 
• 
UJ 
i 
i U. 

I ST PASS 
V-1213 

DC 
12333 

AC 
14313 

AC 
14312 

LCV 
12130 

(EXISTING) 

rev 
1431* 

FCV 
14313 

FE 
14310 

FI 
12130 

FI 
12170 

FI 
13300 

TP 
43 

TP 
34 

TP 
62 

TP 
99 

TP 
97 

TP 
4 • 

UJ 
i 
i U. 

2 NO PASS 
V-1214 

DC 
12143 

AC 
14323 

AC 
14322 

LCV 
12140 

(EXISTING) 

FCV 
14326 

FCV 
14323 

FE 
14329 

FI 
12160 

FI 
12190 

FI 
13310 

TP 
46 

TP 
53 

TP 
63 

TP 
100 

TP 
90 

TP 
5 

AJ 

UJ U 
5 ac O U. 

1 ST PASS 
V-2213 

K 
22133 

AC 
24313 

AC 
24312 

LCV 
22130 

(EXISTING) 

FCV 
24316 

rev 
14313 

Ft 
24319 

FI 
22130 

FI 
22170 

FI 
23300 

TP 
47 

TP 
36 

TP 
64 

TP 
132 

TP 
101 

TP 
9 AJ 

UJ U 
5 ac O U. 

2 ND PASS 
v-2214 

X 
22143 

AC 
24323 
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